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LETTER  OF  TRANSMITTAL. 


Depabtmbnt  of  the  Interior, 
United  States  Geological  Survey, 

Washington^  J).  C,  November  4^  1899. 
Sir  :  I  sabmit  herewith  a  manuscript  entitled  Contribations  to  Chem- 
istry and  Mineralogy  from  the  Laboratory  of  the  United  States  Geo- 
logiral  Survey.    I  have  the  honor  to  request  that  it  be  published  as  a 
bulletin  of  the  Survey. 

Very  respectfully,  F.  W.  Clarke, 

Chief  ChemuiU 
Hon.  Charles  D.  Waloott, 

Director  United  States  Geological  Survey, 
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PREFATORY  NOTE. 


In  the  following  pages  there  have  been  brought  together  a  variety  of 

cheuijcal  and  uiineralogical  researches,  which  were  carried  out  in  the 

laboratory  of  the  United  States  Geological  Survey  between  July  1, 

1893,  and  July  1, 1899.     In  one  sense  the  bulletin  is  a  coutiuuation  of 

the  series  represented  by  Bulletins  Nos.  9, 42, 55, 60, 64,  78, 90,  and  113; 

only,  unlike  them,  it  reports  no  miscellaneous  analyses.     The  latter 

represent  by  far  the  larger  part  of  the  work  done  in  the  laboratory; 

but  most  of  them  are  imblished  in  other  form,  in  connection  with  the 

geological  investigations  to  which  they  relate.     Their  repetition  here  is 

unnecessary. 

F.  W.  O. 
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EXPERIMENTS  RELATIVE  TO  THE  CONSTITUTION  OF  PECTOUTE,  PYROPHYLUTE, 

GAUMINE,  AND  ANALGITE. 


By  F.  W.  Olabke  und  Geobge  Steioeb. 


In  a  series  of  investigations  by  Clarke  and  Schneider,  which  were 
carried  oat  in  the  laboratory  of  the  United  States  Geological  Survey 
between  1889  and  1892/  a  number  of  reactions  were  examined  which 
sbed  some  light  upon  the  constitution  of  several  natural  silicates.  The 
work  then  begun  was  unfortunately  interrupted  for  several  years;  but 
it  is  now  resumed,  with  the  hope  that  it  may  be  pushed  considerably 
further. 

Two  of  the  reactions  studied  by  Olarke  and  Schneider  were  of  peculiar 
interest.  First,  in  the  case  of  talc,  it  was  found  that  one- fourth  of  the 
silica  could  be  liberated  by  ignition;  and  that  the  fraction  thus  set  free 
was  measurable  by  solution  in  aqueous  sodium  carbonate.  This  reac- 
tion suggests  that  other  acid  metasilicales  may  behave  in  a  similar 
way,  and  that  we  perhaps  have  a  means  of  discrimination  between  such 
salts  and  other  compounds  which  simulate  them.  In  other  words,  an 
acid  metasilicate  may  be  experimentally  distinguished  from  a  pseudo- 
metasilicate  by  the  way  in  which  it  splits  up  when  ignited.  Evidence 
bearing  upon  this  supposition  will  be  found  in  the  present  paper. 

The  second  of  the  reactions  just  referred  to  is  that  between  dry 
ammonium  chloride,  at  its  temperature  of  dissociation,  and  various 
silicates.'  This  involves,  in  part  at  least,  the  action  of  dry  gaseous 
hydrochloric  acid  upon  the  compounds  which  are  studied;  and  different 
minerals  are  very  differently  attacked.  Some  are  almost  completely 
decomposed,  others  are  affected  but  slightly;  and  here  again  there 
seems  to  be  a  method  of  diagnosis  which  deserves  further  attention. 
Both  reactions  suggest  the  main  purpose  of  the  investigation;  which 
is,  the  fractional  analysis  of  silicates  by  means  of  various  reagents,  in 


1  BnlL  U.  a  Geol.  Snrvey  No.  78,  p.  11 ;  BulL  No.  90,  p.  11 ;  Bull.  No.  113,  p.  27. 
>BvlL  U.  &  G«oL  Surrey  No.  113,  p.  84. 
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order  to  gaiu  evidence  beariug  ai^ipiC-Xheif 'chemical  stractare.  The 
evidence,  at  least,  is  of  value,  w^e^^cthe  interpretation  of  it  be  right 
or  wrong.  Each  fact  beljp^'V>'tti^  ultimate  solution  of  the  central 
problem,  the  problem  of  cQl^stitution. 


•  • 


Pectolitb. 


•  *        0 

Thh  poet<)lite  which  was  chosen  for  examination  was  the  well-known 
rU^isCted  variety  from  Bergen  Hill,  New  Jersey.  The  mineral  was  in 
long,  white  needles,  and  apparently  quite  pure;  but  the  analysis  shows 
that  it  contained  some  carbonate  as  an  impurity.  Enough  of  the 
material  was  ground  up  to  furnish  a  uniform  sample  for  the  entire 
series  of  experiments,  and  the  work  i>roperly  began  with  a  complete 
analysis.    The  results  obtained  are  as  follows: 

Analyaia, 


8iO« 

AL,0,  .... 

CaO 

MnO 

Na^O 

Total  HaO 
CO, 


53.34 

.33 

33.23 

.45 

9.11 

2.97 

.67 

100.10 


Fhictional  water. 


At  105° '        0.27 

At  180^  .16 

At30a^ : 22 

Atredoess I        2.32 

2.97 


All  of  the  water  was  given  off  at  a  barely  visible  red  heat;  and  the 
figures  show  that  practically  all  of  it  is  constitutional,  a  fact  which 
perhaps  hardly  needed  reverification.  The  analysis  gives  the  accepted 
formula  for  pectolite, 

HNaCajSiaOy. 

Does  this  represent,  as  is  commonly  assumed,  a  true  metasilicatet  If 
it  does,  we  should  expect  that  ignition  would  split  off  silica  propor- 
tional to  the  acid  hydrogen,  or  one-sixth  of  the  total  amount.  To 
answer  this  question  several  portions  of  the  pectolite  were  sharply 
ignited,  to  complete  dehydration,  and  then  boiled  each  for  fifteen  min- 


CLABKB  AKD 
STEIGEB. 
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ates  with  a  solation  of  sodium  carbonate  containing  250  grams  to  the 
liter.  In  the  extract  so  obtained  the  silica  was  determined;  and  three 
experiments  gave  the  following  percentages: 

8. 96 
8.67 
8.42 

Mean,  8.68 

One-sixth  of  the  total  silica  is  8.89  per  cent;  and  the  experiments, 
therefore,  justify  the  original  expectation.  The  belief  that  pectolite  is 
a  metasilicate  is  effectively  confirmed. 

Upon  the  anignited  pectolite  the  sodium  carbonate  solution  has  a 
slow  decomposing  action,  both  silica  and  bases  being  withdrawn.  In 
two  experiments  fifteen  minutes  of  boiling  extracted  2.07  and  2.55  per 
cent  of  silica,  and  by  a  treatment  lasting  four  days  4.80  per  cent  was 
tak^n  out.  With  water  alone  similar  results  were  obtained ;  the  action 
being  so  rapid,  although  relatively  slight,  that  pectolite,  moistened,  gives 
an  immediate  and  deep  coloration  with  phenol  phthalein.  By  boiling  the 
powdered  pectolite  with  distilled  water  alone  1.65  percent  of  silica  was 
brought  into  solution,  and  the  ignited  mineral,  similarly  treated  for 
fifteen  minutes,  gave  1.78  per  cent.  The  extraction  in  these  cases  is 
really  an  extraction  of  alkaline  silicate,  as  the  two  following  experi- 
ments prove.  In  A  the  unigiiited  pectolite  was  boiled  for  fourteen 
hours  with  distilled  water;  and  in  B  the  mineral  after  ignition  was 
subjected  to  like  treatment  for  four  honrs.  The  dissolved  matter  in 
each  case  was  determined,  with  the  subjoined  results: 


A. 

B. 

SiOa  

2.98 
.30 
.81 

3.03 

.10 

1.50 

4.63 

CaO 

Na20   

4.09 

In  A,  no  simple  ratio  appears;  but  in  B  the  extracted  silicate  approxi- 
mates very  nearly  to  the  salt  Na^SiiOs.  In  eiich  instance  the  ratios 
vary  widely  irom  those  of  the  original  mineral,  showing  that  actual 
deconiiK)sition  and  not  a  solution  of  the  pectolite  as  such  has  occurred. 
In  the  ex)>eriments  upon  pectolite  the  heating  with  dry  ammonium 
chloride  was  omitted,  for  the  data  are  already  given  in  the  original 
paper  by  Schneider  and  Clarke.  In  their  experiments  the  mineral  was 
thrice  heated  with  teu  times  its  weight  of  the  reagent  to  above  350^, 
and  then  leached  out  with  water.  In  the  solution  20.50  per  cent  of  lime 
and  6.95  of  8o<la  were  found,  with  part  of  the  manganese;  showing  that 
a  very  considerable  decomposition  had  taken  plai^.    Possibly,  by 
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rei>eated  treatmeuts  with  ammonium  chloride  a  complete  deoomposi- 
tiou  might  be  eftected,  bat  this  qaestion  is  one  apon  which  it  «eemed 
unnecessary  to  spend  further  time. 

Pyrophyllitb. 

The  empirical  formula  for  pyrophyllite,  AlHSisOe  is  apparently  that 
of  an  acid  metasilicate,  and  the  mineral  is  therefore  peculiarly  available 
for  fractional  analysis.  The  compact  variety  from  Deep  River,  North 
Carolina,  was  taken  for  examination,  and  a  uniform  sample  was  pre- 
pared.   Analysis  gave  the  following  resolts: 


SiO,.... 

TiO,  ... 
AljOa... 
Fe,03  . . 
MgO... 
Ignition 


64.73 
.73 

29.16 
.49 

trace 
5.35 


100.46 


If,  now,  pyrophyllite  is  an  acid  metasilicate  it  should  break  up  on 
ignition  in  accordance  with  the  equation 

2AlHSia0«  ==  AljSiaO.,  -|-  SiO,  +  H«0. 

That  is,  one-fourth  of  the  silica,  or  16.18  per  cent,  should  be  liberated. 
The  mineral  itself  is  very  slightly  attacked  by  boiling  with  the  sodium 
carbonate  solution,  and  in  an  experiment  of  this  kind  only  0.72  per 
cent  of  silica  was  dissolved.  Upon  ignition  under  varying  circum- 
stances the  following  data  were  obtained: 

Ignited  ten  minutes  over  a  Bansen  burner,  and  then  extracted  with  sodium  car- 
bonate solution,  1.51  per  cent  of  SiOi  dissolved. 

Ignited  fifteen  minutes  over  a  Bunsen  burner,  1.89  per  cent  became  soluble. 

Ignited  ten  minutes  over  a  Bunsen  burner  and  then  fifteen  minutes  over  the  blast, 
2.84  per  cent  of  silica  was  liberated. 

These  results  are  of  a  different  order  from  those  given  by  pectolite 
and  talc,  and  raise  the  question  whether  pyrophyllite,  despite  its  ratios, 
is  a  metasilicate  at  all.  So  far  as  the  evidence  goes,  it  may  with  pro- 
priety be  regarded  as  a  basic  salt  of  the  acid  H2Si205,  and  its  formula 
then  becomes 

SisOs  =  Al  —  OH. 

This  formnla  is  at  least  as  probable  as  the  metasilicate  expression, 
which  latter  rests  upon  assumption  alone.  Still  other  formulae,  but  of 
greater  complexity,  are  possible;  but  until  we  know  more  of  the  genesis 
and  chemical  relationships  of  pyrophyllite,  Epeculation  concerning  them 
would  be  nnprotit^ble. 
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By  heatlDg  with  dry  ammoniani  chloride,  pyrophyllite  is  very  slightly 
attacked.  In  two  experiments  it  lost  in  weight  6.17  and  6.30  per 
cent,  respectively.  The  excess  of  loss  over  water  is  due,  as  we  have 
proved,  to  the  volatilization  bf  a  little  ferric  and  ahiminic  chloride. 
The  residue  of  the  mineral  after  this  treatment  contained  no  chlorine, 
so  that  no  chlorhydrin-like  body  had  been  formed.  The  formation  of 
such  a  compound,  the  replacement  of  hydroxyl  by  chlorine,  would,  if  it 
could  be  effected,  be  a  valuable  datum  toward  determining  the  actual 
constitution  of  the  species. 

GAX  AMINE. 

The  simplest  constitutional  formula  for  calamine,  the  one  which  is 
generally  accepted,  represents  it  as  a  basic  metasilicate,  Si03=(ZnOH)2. 
In  this  the  hydrogen  is  all  combined  in  one  way,  and  so,  too,  is  the 
zinc.  In  all  other  possible  formuloB,  simple  or  complex,  the  hydrogen 
as  well  as  the  zinc  must  be  represented  as  present  in  at  least  two 
modes  of  combination;  a  condition  of  which,  if  it  exists,  some  evidence 
should  be  attainable.  Our  experiments  upon  calamine  have  had  this 
point  in  view;  and  we  have  souglit  to  ascertain  whether  water  or  zinc 
could  be  split  off  in  separately  recognizable  fractions.  Our  results,  in 
the  main,  have  been  negative,  and  tend  toward  the  support  of  the 
usual  formula;  but  the  data  are  not  conclusive,  although  they  seem  to 
be  worthy  of  record. 

The  beautiful  white  calamine  from  Franklin  Furnace,  New  Jer8ey,was 
selected  for  study,  and  gave  the  subjoined  composition : 

Analy8iB. 


SiOi 


AliOsjFeiOa. 
ZnO 


CaO 
H,0. 


24.15 
.19 

67.55 

.12 

7.95 


99.  P6 


Fractional  water. 


At  100° 

At  180° 

At  250° 

At300o 

iDcipient  red  heat 
■    Fall  red  heat 


4. 
1. 


27 
22 
75 
88 
46 
37 


7.95 
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Here  no  clear  and  deAuiie  fractionation  of  the  water  is  recognizable, 
at  least  of  such  a  character  as  to  sugiifest  any  other  than  the  ordinary 
formula  for  calamine. 

Tpon  boiling  (Kin-dered  calamine  with  water  practically  nothing 
went  into  solution,  but  by  boiling  with  the  solution  of  sodium  car- 
bonate 0.25  per  cent  of  silica  was  dissolved.  After  ignition  at  a  red 
heat,  only  0.14  per  cent  of  silica  became  soluble  in  sodium  carbonate, 
and  after  blasting,  only  0.24.  In  these  exi>eriments  a  very  little  zinc 
was  dissolved  also:  but  there  was  no  evidence  that  any  breaking 
up  of  the  mineral  into  distinguishable  fractions  had  ocrcurred.  In  a 
hot  10  per  cent  solution  of  caustic  80<la  both  the  fresh  and  the  ignited 
calamine  dissolve  almost  rompletely;  but  boiling  with  aiiueons 
ammonia  seems  to  leave  the  mineral  practically  unattacked.  All 
exi>eriments  aiming  to  extract  a  definite  fraction  of  zinc  while  leaving 
a  similar  fraction  behind  resulte<l  negatively. 

By  beating  with  dry  ammonium  chloride,  calamine  is  vigorously 
attackeil,  and  gains  in  weight  by  absorption  of  chlorine.  In  two 
experiments  the  mineral  was  intimately  mixed  with  three  times  its 
weight  of  iH>wdere(l  salammoniac  and  heated  in  an  air  bath  for  several 
hours  to  a  temi>erature  somewhat  over  4(K)o.  A  large  part  of  the  resi- 
due was  soluble  in  water,  and  the  percentage  of  this  portion,  together 
with  the  i)ercentage  increase  in  weight,  is  given  below. 


1 


Gain  in  weight . . 
Soluble  in  water 


I. 

II. 

27.  eo 

1 
25.78 

53.23 

67.13 

i 

A  conversion  of  calamine  into  the  chlorhydrin,  SiOs  (ZnGl)s  would 
involve  a  gain  in  weight  of  15.34  per  cent.  Complete  conversion  into 
2ZnCl>  +  SiO-i  implies  an  increase  of  .'^8.14  per  cent.  The  figures  given 
lie  between  these  two;  and  are  indefinite  also  for  the  reason  that  there 
was  volatilization  of  zinc  chloride. 

In  two  more  experiments  the  calamine,  mingled  with  three  times  and 
four  times  its  weiglit  of  ammonium  chloride,  respectively,  was  heated 
for  an  hour  and  a  half  to  bright  reilness  in  a  combustion  tube.  The 
zinc  chloride  which  w^as  formed,  volatilized,  and  was  collected  by  suit 
able  means  for  determination.  It  corresiK>nded  to  59.6  and  59.0  per 
cent  of  the  original  mineral,  calculated  as  zinc  oxide;  which  indicates 
a  nearly  complete  decomposition  of  the  calamine  into  2ZnGls  +  Si02. 
The  residue  was  mainly  silica,  with  a  small  part  of  the  zinc,  about  hadf 
of  the  silica  being  soluble  in  sodium  carbonate  solution.  Here  again 
no  definite  fractionation  of  the  mineral  could  be  observed. 

Finally  the  a<;tion  of  dry  hydrogen  sulphide  upon  calamine  was 
investigated.    The  mineral  was  heated  to  redness  in  a  current  of  the 
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gas,  and  gained  perceptibly  in  weight.    The  percentage  data,  reckoned 
on  the  original  calamine,  were  as  follows,  in  two  experiments : 


Gain  iu  weight 

SiOi  soluble  in  NazCO:, 
Snlphnr  iu  residue 


Complete  conversion  of  calamine  into  2ZnS  +  Si02  implies  a  gain  in 
weight  of  5.80  per  cent ;  and  it  is  therefore  evident  from  the  figures  of  the 
second  experiment  that  the  limit  of  change  was  approached  very  nearly. 
The  24.12  of  sulphur  taken  up  is  quite  close  to  the  26.53  per  cent  which  i# 
required  by  theory.  About  eight  ninths  of  the  calamine  had  undergone 
complete  transformation.    Again,  no  definite  fractionation  was  detected. 

The  hydrogen  sulphide  reaction  was  examined  still  further  with 
reference  to  the  temperature  at  which  it  becomes  effective.  Even  in 
the  cold  calamine  is  slightly  attiicked  by  the  gas,  but  its  action  is  unim- 
portant until  the  temi)eratureof  400^  is  approximated.  Then  it  becomes 
vigorous  and  the  reaction  goes  on  rapidly.  A  few  experiments  with 
willemite  showed  that  it  also  was  attacked  by  hydrogen  sulphide,  but 
less  vigorously  than  calamine. 

Analcite. 

Analcite,  from  many  points  of  view,  is  a  species  of  peculiar  interest, 
and  of  late  years  it  has  received  a  great  deal  of  attention.  Its  formula 
may  be  written  in  various  ways,  espetdally  as  regards  the  interpreta- 
tion of  its  one  molecule  of  water;  but  evidence  too  often  has  yielded 
before  i)reconceived  opinion.  Additional  evidence  is  now  available, 
partly  from  the  experiments  of  Friedel  and  partly  from  the  data 
obtained  during  the  present  investigation. 

The  analcite  examined  by  us  was  in  well  developed  crystals  from 
Wassons  Bluif  in  Nova  Scotia.  A  uniform  sample  was  prepared  as  usual, 
and  the  analysis  given  below  is  contrasted  with  the  theoretical  compo- 
-sition  required  by  the  accepted  emi)irical  formula  NaAlSi-iOe  H2O. 

Analysis. 


Found. 


Calcnlat«d. 


SiOa 

Al,03 

FesOn 

CaO 

NaaO 

H2O  at  10(F  . 
H2O  over  100 


57. 06  54. 55 

21.48  23.18 

.13  I 

.16  

12.20  !       14.09 

.58  

8. 38  8. 18 

99. 99  100. 00 
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'             Fractional  water. 

At  100°  • 

0.58 
1.16 
3.64 
1.57 
1.90 
0.11 
none 

At  180"  

At  260° «- 

At  300°  

Low  redness 

Full  redness 

Blast 

o.  96 

^  The  fractional  water  determinations  were  made  by  heating  in  an  air 
bath  to  constant  weight  at  each  temperature  up  to  300o  and  finally 
over  the  direct  flame.  The  first  fraction,  at  lOQo,  is  evidently  hygro- 
scopic or  extraneous  water,  which  can  be  disregarded.  The  remainder 
of  the  water,  8.38  per  cent,  belongs  to  the  species.  The  significance  of 
the  analytical  figures  will  be  considered  later. 

Upon  boiling  the  powdered  analcite  with  sodium  carbonate  solution, 
250  grams  to  the  liter  as  in  all  the  preceding  experiments,  0.73  percent 
of  silica  was  extracted.  After  ignition  the  mineral  in  two  determina- 
tions  yielded  1.46  and  1.38  per  cent  respectively.  The  splitting  oif  of 
silica  is  therefore  very  slight;  and  one  of  the  formulae  proposed  by 
Doelter,^  Na2Al2Si208  +  2H2Si03,  may  be  set  aside  as  improbable.  Meta* 
silicic  acid  or  an  acid  metasilicate  can  hardly  be  present  in  analcite, 
although  the  possibility  of  a  neutral  metasilicate,  as  indicated  by  the 
empirical  formula,  is  not  excluded.  By  Doelter's  formula  one-half  of 
the  silica  ought  to  be  removable. 

Upon  heating  analcite  with  dry  ammonium  chloride  results  of  a 
remarkable  character  were  obtained.  Sodium  chloride  was  formed 
which  could  be  leached  out  by  water  and  measured,  while  ammonia 
free  from  chlorine  was  retained  by  the  residue  to  a  notable  and  sur- 
prisingly stable  degree.    The  experiments  in  detail  were  as  follows: 

A.  Analcite,  mixed  with  four  times  its  weight  of  ammonium  chloride  was  heated, 
for  four  hours  to  350^.  There  was  a  gain  in  weight  of  2.18  per  cent,  and  6.10  per 
cent  of  soda,  or  one-half  of  the  total  amount,  was  converted  into  NaCl,  which  was 
leached  ont  by  water,  examined  as  to  its  purity,  and  weighed.  In  the  residue  1.20 
per  cent  of  silica  was  extractable  by  sodium  carbonate,  showing  that  no  more 
splitting  off  had  occurred  than  was  previously  obHcrved.  The  gain  in  weight,  as 
will  be  seen  from  subseqaent  experiments,  is  due  to  the  fact  that  all  of  the  NH4CI 
had  not  been  driven  off;  or  else  that  more  water  was  retained. 

B.  Analcite  was  ground  np  with  four  times  its  weight  of  NH4CI,  heated  for 
several  hours,  reground  with  another  fourfold  portion  of  chloride,  and  heated  to 
350°  for  twenty-one  hours.  Gain  in  weight,  0.08  per  cent;  5.57  per  cent  of  soda  was 
extracted  as  chloride. 

C.  Analcite  heated  to  350°  for  eight  hours,  with  four  titnes  its  weight  of  NHiCl. 
Loss  of  weight,  0. 10  per  cent. 


I  Neuea  Jahrb.  flir  Min.,  1880,  Vol.  I,  p.  138. 
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D.  Six  gramB  of  mineral  and  28  of  chloride,  mixed  by  thoroogh  grinding,  were 
heated  to  350^  for  fourteen  hours;  then  were  reground  with  28  grams  of  fresh  NH^Cl 
and  heated  for  thirty-five  honrs.  Loss  of  weight,  0.13  per  cent;  5.07  per  cent  of 
soda  was  extracted  as  chloride,  pins  0.14  of  ammonium  chloride  unexpelled ;  2.03 
per  cent  of  silica  was  rendered  soluble  in  sodium  carbonate. 

So  far,  three  facts  are  noticeable.  First,  the  weight  of  the  mineral 
after  treatment  is  almost  exactly  the  same  as  before;  showing  that 
gains  and  losses  have  balanced  each  other.  Second,  little  silica  has 
been  split  off.  Third,  approximately,  but  not  rigorously,  one-half  of 
the  soda  had  been  converted  into  NaGl.  In  A,  it  was  exactly  half;  in 
the  other  experiments,  a  little  less  than  half.  Furthermore,  in  the 
sodiam  chloride  dissolved  out  there  is  only  a  very  little  ammonium 
chloride,  amounting  at  most  to  0. 14  per  cent,  calculated  upon  the 
weight  of  the  original  mineral. 

In  the  residue  of  the  analcite  after  extraction  of  sodium  chloride, 
abundant  ammonia  can  be  detected,  with  either  no  chlorine  or  at  most 
a  doubtful  trace.  If,  however,  the  unleached  mineral,  still  retaining 
its  sodium  chloride,  be  heated  strongly,  say  from  400^  up  to  redness, 
NH4GI  is  regenerated  and  given  off.  Its  absence,  as  such,  both  from 
the  leach  and  the  residue  was  repeatedly  proved.  The  ammonia  and 
water  retained  by  the  analcite  aft^r  heating  to  350^  with  ammonium 
chloride  were  several  times  determined;  and  the  following  percentages, 
still  reckoned  on  the  original  mineral,  were  found: 


NH,. 

H,0. 

InB 

2.03 
2.19 
2.36 
2.35 
2.06 

2.25 
2.00 
1.89 

InC 

In  D 

In  D 

In  D 

1 
1 

Mean 

2.20 

2.04 

1 

Ck>rrecting  the  ammonia  for  the  0.14  of  NH4CI  found  in  D,  the  mean 
value  becomes  2.15.  This  permanent  ammonia  is  not  given  off  upon 
warming  the  material  with  caustic  soda  solution,  and  is  therefore  not 
present  as  a  salt.  The  determinations  of  it  were  made  by  three  distinct 
methods,  and  there  is  no  possible  doubt  as  to  its  presence  and  character. 

The  composition  of  the  analcite  after  the  treatment  with  ammonium 
chloride  may  now  be  considered,  with  the  subjoined  combination  of  the 
data.  The  NaGl  in  A,  11.50  per  cent,  was  in  material  which  had  gained 
2.18  per  cent,  and  is  subject  to  a  correction  which  reduces  the  figure 
to  11.20.  In  B,  G,  and  D  the  corresponding  correction  is  so  small  that 
it  may  be  neglected.  The  last  column  gives  the  composition  of  the 
leached  residue,  recalculated  to  100  per  cent,  after  deduction  of  NaGl 
and  the  soluble  silica.  The  letters  refer  back  to  the  several  experi- 
ments, and  the  little  iron  is  included  with  the  alumina. 
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t 

A. 

B. 

C. 

Sol.  SlOi 

1.20 

Insol.  SiOa 

-- 

AliOn 

1 

CaO 

1 

NaCl 

11.26 

10.60 

NaaO 

NHa 

2.03 
2.25 

2.19 

HiO 

2.00 

D. 


Average. 


Residue. 


2.03 

1.61 
54.96 

&I.96 

62.59 

21.37 

21.37 

24.34 

.16 

.16 

.18 

9.57 

10.44 

7.12 

7.12 

8.11 

2.21 

2.15 

2.46 

1.89 

2.04 

2.32 

99.31  99.85       100.00 


The  aiialcite  residue,  like  the  original  mineral,  is  completely  deeom- 
posnhle  by  aqueous  hydrochloric,  acid.  It  may  be  a  mixture,  but  it 
seems  more  ])robable  that  it  is  adetiuite  compound,  lor  it  approximates 
in  con) position  to  the  formula 

This  represents  a  quadrupled  analcite  formula,  in  which  hal'  of  the 
sodium  is  replaced  by  hydrogen,  and  with  NH3  in  place  of  4H2O  The 
analytical  comparison  is  as  follows: 


SiOi 

AI3O:, 

CaO 
NajO 
HiO. 
NH3. 


The  agreement  is  not  close,  but  it  is  close  enough  to  be  suggestive 
and  to  indicate  the  character  of  the  reaction  which  has  taken  place. 
It  needs,  however,  verificatiou  by  additional  experiments  upon  other 
preparations,  and  upon  analcite  from  other  sources.  In  this  connec- 
tion it  may  be  well  to  reiterate  that  the  substance  was  prepared  by 
very  long  heating  at  350°,  and  is  therefore  stable  at  that  temperature. 

An  interesting  feature  of  these  experiments  is  their  harmony  with 
the  researches  of  G.  Friedel,^  who  has  shown  that  the  wat^r  of  zeolites 
may  be  replaced  by  ammonia  and  other  substances,  without  change  of 
the  crystalline  structure.  lu  the  case  of  analcite,  ammonia  was  taken 
up  to  the  extent  of  2.04  per  cent,  or  almost  exactly  the  amount  found 
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in  oar  analcite  residue.  The  great  difference  between  Friedel's  method 
of  experimentation  and  ours  renders  the  agreement  all  the  more  striking 
and  sustains  our  belief  that  the  mineral  and  the  residue  are  compounds 
of  the  same  general  order.  We  hope  to  continue  our  experiments  and 
to  extend  our  investigations  to  other  zeolites. 

If,  now,  analcite  and  its  derivative,  our  analcite  residue,  are  analo- 
gous compounds,  the  relation  between  them  is  expressed  by  these 

formuldB : 

« 

Analcite r Na4AliSiR034 .  4H2O. 

Analcite  residue HjNa3Al4Si80M  .  NH3. 

That  is,  the  minimum  molecular  weight  assignable  to  apalcite  is  repre- 
sented by  four  times  its  empirical  formula.  Other  interpretations  of 
the  evidence  are  possible,  but  this  appears  to  be  the  simplest.  The 
water  of  analcite,  as  Friedel  has  shown,  must  be  regarded  as  water 
only,  not  as  hydroxyl,  for  it  can  be  expelled  by  heat  without  destruc- 
tion of  the  crystalline  nucleus,  the  anhydrous  salt,  and  is  taken  up 
again  from  moist  air.  But  whatever  its  mode  of  union  may  be,  the 
amount  of  water  corresponds  to  the  simple  molecular  ratio  which  is 
indicated  in  the  formula  of  the  species.  One  molecule  of  analcite 
holds  a  certain  definite  number  of  water  molecules,  and  Friedel's 
observations  are  not  incompatible  with  the  idea  that  these  are  retained 
with  varying  degrees  of  tenacity.  This  idea  is  suggested  by  the  vari- 
ous series  of  fractionation  experiments  which  have  been  made  from 
time  to  time  by  independent  workers,  even  though  the  data  are  not  by 
any  means  concordant.  Thus  Lepierre^  found  that  half  the  water  of 
analcite  was  driven  off  at  or  below  300°,  the  other  half  above  440^. 
In  our  own  experiments  three-fourths  were  expelled  at  300o,  the 
remaining  fourth  being  held  up  to  a  much  higher  but  undetermined 
temperature.  In  both  series  the  water  fra<*.tions  ure  representable  by 
fourths,  but  Friedel's  experiments^  indicate  a  continuity  of  loss  in 
weight  of  quite  a  dissimilar  order.  Friedel  liolds  that  all  of  the  water 
fractionations  heretofore  made  upon  analcite  are  fallacious,  and  that 
no  definite  fractions  can  be  identified,  a  conclusion  strongly  supported 
by  his  own  data,  even  though  the  proof  is  not  absolutely  positive. 
The  most  that  can  be  said  is  that  the  weight  of  evidence  so  far  is  in 
favor  of  Friedel's  contention,  but  that  additional  investigation  is  nec- 
essary in  order  to  reconcile  all  discrepancies.  The  full  significance  of 
the  water  in  analcite  remains  unknown. 

In  order  to  discuss  the  constitution  of  analcite,  let  us  recur  to  the 
analysis  of  the  mineral  itself.  It  is  at  once  evident  from  the  compari- 
son made  on  a  preceding  page  that  our  sample  of  the  mineral  varies 
notably  in  composition  from  the  requirements  of  theory.  Tlie  silica  is 
2.5  per  cent  too  high,  while  alumina  and  soda  are  correspondingly  low. 
No  probable  impurity  a'*d  no  presumable  errors  ot  nianipulatiou  can 
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aoooont  for  so  great  a  divergence.  If  we  consalt  other  analyses,  as 
we  find  them  tabulated  in  manaals  like  those  of  Dana  and  of  Hiutze, 
we  shall  find  other  cases  resembling  this,  and  also  examples  of  vari- 
ation in  the  opposite  direction,  with  silica  low  and  an  apparent  excess 
of  bases.  Most  analcite  gives  quite  sharply  the  metasilicate  ratios 
re^iuired  by  the  accepted  formula;  but  the  variations  from  it  are  large 
enough,  <*x>mmon  enough,  and  regular  enough  to  command  attention. 
The  analyses  are  not  all  covered  by  the  recognized  theory,  and  the  ap- 
parent irregularities  are  not  fortuitous,  but  are  systematic  in  character. 
One  explanation  of  the  seeming  anomalies  is  simple  and  clear.  If 
analcite,  instead  of  being  a  metasilicate,  is  really  a  mixture  of  ortho- 
and  trisilicate,  then  all  of  the  analyses  l>ecame  intelligible.  In  most 
cases  the  two  salts  are  commingled  in  the  normal  ratio  of  one  to  one; 
but  in  our  analcite  the  trisilicate  ] predominates,  while  in  some  other 
samples  the  orthosalt  is  in  excess.  All  reduce  alike  to  the  simple 
expression 

XaAlX.  H2O, 

in  which  X  repre.sents  nSi04+mSi30B;  a  formula  which  agrees  with 
evidence  from  various  other  sources. 

For  example,  analcite  may  be  derived  in  nature  either  from  albite, 
AlNaSisOtf,  or  nephelite,  AlNaSi04,  and,on  the  other  hand,  alterations 
of  it  into  feldspars  have  been  observed.  Its  closest  analogue,  leucite, 
hasyieldexl  ])seudomorphs  of  orthodase  and  eheolite;  while  leucite  and 
analcite  are  mutually  convertible  each  into  the  other.  The  evidence 
of  this  chanicter,  the  evidence  of  relationship  between  analcite  and 
other  species,  is  varied  and  abundant,  and  the  simplest  conclusion  to 
be  drawn  from  it  is  that  which  has  been  given.  Ever}^  alteration, 
every  derivation,  every  variation  in  the  comjwsition  of  analcite  points 
to  the  same  belief.    The  consistenity  of  the  data  can  not  well  be  denied. 

In  the  case  of  a  normal  analcite — that  is,  one  which  conforms  to  the 
usual  empirical  formula — the  expression  which  best  i^epresent^  these 
relations  is 

Al4Na4(Si04)2  (SiaOsJj .  ^B.O-, 

and  this  accords  with  the  mininuim  molecular  weight  as  determined  by 
the  study  of  our  ammoniated  residue.  Structurally,  this  is  comparable 
with  the  fornuihe  of  garnet,  zunyite,  sodalitc,  nosite  and  leucite;  all  of 
which  are  also  isometric  in  crystallization.  The  more  important  of  the 
symbols  are  as  follows: 

SiO^=Ca  Si04=Na2  Si04=Na 

^Ca  ')a1-C1  /        ^Al-so,— Na 

Al^ — Si04=Ca  Al'    -8i04=Na2  Al --Si04=Na.. 


\ 
\ 


Si04=Al  Si04=AI  SiO.=Al 

Garnet.  Sodalite.  Noaite. 
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Si04=K3 

\a1— SiO^sAl. 

Al— 8isO*=K, 

\ 

8i,0«=Al 
Lenoite. 


Si04=Na. 

\a1— Si04=Al. 
Al— Si,0«=Na,  -HHaO. 


8i30.=Al 
Analcite. 


That  is,  analcite  and  leacite  become  members  of  the  garnet-sodalite 
group  of  minerals,  and  their  relations  to  iiephelite,  albite,  prehnite, 
natrolite,  etc,  natural  and  artificial,  are  perfectly  clear.  In  analcite 
there  may  be  admixtures  of  strictly  analogous  ortho-  or  trisilicate 
molecules;  but  these  remain  to  be  separately  discovered. 

Now,  these  formulae  are  not  ultimate  verities  to  be  blindly  accepted. 
They  are  simply  expressions  which  represent  composition  and  a  wide 
rauge  of  established  relationships,  and  which  serve  a  distinct  purpose 
iu  the  correlation  of  our  knowledge.  Properly  used,  with  due  recogni- 
tion of  their  limitations,  they  are  helpful,  and  suggest  possibilities  of 
research;  misused,  they  may  become  mischievous.  They  now  satisfy  all 
known  conditions,  and  that  is  a  sufficient  warrant  for  their  existence. 


THE  CONSTITUTION  OF  TOURMALINK 


By  F.  W.  Clabks. 


Some  years  ago,  in  an  extended  paper  upon  the  oonstitntion  of  the 
sflicateay'  I  proposed  a  formnla  for  tourmaline  which  seemed  to  satisfy 
all  known  conditions.  Recently  Penfield  and  Foote'  have  offered  still 
another  interpretation  of  the  analyses,  and  support  their  views  with  a 
considerable  weight  of  argument.  The  appearance  of  their  paper  has 
led  me  to  rescrutinize  the  e^dence  more  in  detail  than  previously,  and 
the  result  has  been  to  modify  my  formuhe  in  some  particulars  while 
retaining  them  in  their  general  form. 

Acconling  to  Penfield  and  Foote  all  tourmaline  may  be  repreeented 
a^  salts  of  the  alumino-borosilicic  acid  HiiAl3B23i40ti,  in  which  two 
hydroxyls  are  permanently  linked  to  boron,  leaving  an  available  valency 
or  basicity  of  nine.  In  my  formulae  all  tourmalines  are  derived  from 
the  similar  acid  Hi4AUB3Sic03]y  with  all  of  the  hydrogen  atoms  replace- 
able by  bases.  Upon  bringing  the  two  acids  to  the  common  basis  of 
six  silicon  atoms,  they  compare  as  follows: 

Ptonfield  mud  Foota H^x^sfi^^Oti^^ 

Cimrke Hi^Al^BtSWOti 

Replacing  aluminum  by  hydrogen,  in  order  to  show  the  ultimate  acids, 
these  expressions  become 

Penfieldsnd  Foote HwB^SuOai^ 

CUrke Hc3sSi«0« 

The  small  difference  between  the  empirical  formulae  is  thus  made  evi- 
dent, and  it  hardly  amounts  to  more  than  the  uncertainties  in  the 
analyses.  In  fact,  the  trustworthy  analyses  of  tourmaline  give  ratios 
lying  between  and  beyond  both  extremes,  as  the  following  formulae, 
computed  from  Biggs^s  data,  show:  In  these  expressions  duoriue  has 
been  assumed  equivalent  to  hydroxyL 

Pierrepont.  black Hac^Bi_^SM>aBuB 

Pari»,  black H»,nBi*Si«05i,» 

Stony  Point,  blaek RauaBxos^^ijOsijs 

Aabam.  colorlees ' H.-k:-JJs  rr^ijOaoiT^ 

Brazil,  red Hvr^Bi-SioOjijw 

GoaverDonr,  brown H>.MB^^*f^i„03o^i 

Hamburg,  brown  Hv.«Bv.«jSi.CVK.,* 

iBiiII.ir.S.6«aLSarTejXo^l2S.iaa6.  *  Ab.  Jour.  SeL,  4tk  M-rie».  Vol.  VIL  UM.  p,  yf 
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The  two  analyRes  by  Peofield  and  Foote,  however,  conform  sharply 
to  their  formula,  thus: 

D©  Kalb,  white Hs9.06B3.(RSi4>O:n.48 

Haddam  Neok,  green H311.wB3.mSltiO31.Au 

The  Gonverneur  and  Hamburg  tourmalines  represent  the  extreme 
range  of  variation ;  a  variation  which  is  too  large  to  be  safely  set  aside 
as  due  to  analytical  errors  or  to  impurities  in  tlie  material  analyzed. 
Some  of  the  formulae  approximate  to  mine,  some  to  that  of  Penfield 
and  Foote,  and  hence  it  seems  probable  that  neither  formula,  without 
some  qualification,  can  safely  be  taken  as  final. 

In  order  to  be  satisfactory,  a  constitutional  formula  must  fulfill  several 
conditions.  First,  it  must  adequately  express  the  composition  of  the 
comt)ound  in  question,  covering  all  of  its  variations.  Second,  it  must 
be  readily  applicable  to  the  full  discussion  of  analyses,  so  that  the  dif- 
ferent isomorphons  salts  which  are  commingled  in  a  mineral  species 
can  be  separately  identified  and  given  reasonable  expressions.  Finally, 
it  should  indicate  the  relations  between  a  species  and  the  other  min- 
erals with  which  it  is  allied,  or  into  which  it  commonly  alters.  A 
formula  can  be  fully  adopted  only  when  all  of  these  conditions  are 
satisfied.  The  third  condition,  which  relates  to  function,  is  equally 
im|K>rtant  with  the  other  two. 

With  the  tourmalines,  the  micas  seem  to  be  most  nearly  akin.  In 
each  group  we  have  to  consider  comminglings  of  isomorphons  mole- 
cules, and  when  tourmaline  alters,  a  mica  is  commonly  the  product  of 
the  reaction.  In  composition,  also,  the  two  groups  show  an  apparent 
parallelism.  With  the  lithia  mica,  lepidolite,  lithia  tourmalines  occur; 
with  muscovite  and  biotite,  the  common  iron  tourmaline  is  associated; 
and  the  magnesian  tourmalines,  which  show  the  minimum  of  alumina 
in  their  composition,  are  similarly  allied  to  phlogopite.  This  relation- 
ship, if  it  is  real,  should  be  suggested  in  the  formulae  assigned  to  the 
several  species. 

To  the  commoner  micas  a  simple  series  of  formulae  can  be  easily 
given,  thus: 

Muscovite Al3(8i04)3KHa, 

Biotite Ali(Si04)3MgiKH, 

Phlogopite Al,(Si04):^g:,KH,; 

and  to  these  types,  or  mixtures  of  tlieni,  most  micas  are  referable.  The 
vai-iations  and  exceptions  have  been  considered  elsewhere,  and  need 
not  be  discussed  here. 

With  these  fundamental  molecules  the  corresponding  salts  of  the 
tourmaline  acid  H28B3Si€03i,  or  HuAUBsSieO:)]  are  structurally  corre 
lated.    The  subjoined  formulae  are  sufficient  to  make  this  point  clear; 
and  to  render  the  splitting  up  of  tourmaline,  its  alteration  into  mica, 
somewhat  intelligible. 
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fllO,  =  KlU  .8i04=H3 

Al  — SiO^E  Al  Al  — 8i04  =  H3 

HIO4  r=  Al  ^  Si04  =  Al—BO^ 


Muuvovit^  Al  —  BOa  ^  H9 

I 
.8i04  =  Al--BO, 

Al  — SiO^^^Ha 

^  8i04  -  Ha 

l%e  UmrmuUine  addn 

In  the  m)\i\y  two  hydrogen  atoms  are  united  with  the  orthoboric 
gnnip«  and  twelve  with  the  orthosilicate  portion  of  the  nnclens. 
Ueiu'e,  to  avt>id  iH^)>etition  of  the  structural  expression,  the  formula 
uuiy  \^  iH>iuleiised  into  a  linear  form,  as  follows: 

AlNvSiOAiBOi)i .  BO,H,  .  H,*, 

and  this  is  applieable  to  the  disoussion  of  the  analyses.  For  example, 
Ki^^^'s  analysis  ot*  the  bla<*k  mairnesium  tourmaline  from  Pierreponty 
New  York^  iHtrres|H>uds  to  the  following  molecular  mixture: 

i:C  AU$U>^VBm\  .  BO^Ca  .  Mg^H* 
7,  AlAJJUO.VvBiW  .  BO^g  ,  Mg.H, 
:?.     AtvSUWvm\>:  .  BiVf«; .  AkXm^Hi 

IVmi^ariug  this  with  the  analysis^  and  retluoing  the  lattM-  by  luiion  of 
Ute  hases  and  rei*alculati^Hi  to  liH>  |H^r  eent»  we  have — 


FiMwl  Kwa«c«L      Cabr 


^V 

BvVV 

Al.kV 

r*^vv     

rk\ 

C5ik> 

K*fO 

H^^ 

N4k.O 

ik.o 

bLO    .-      3;:U  3^72  io* 


:ssvi^i 

$:.» 

37.05 

10. » 

10.51 

tO.!» 

39^  2» 

i 

1 

27.  W 

27.  » 

.U 

.00 

1 

3^;^i 

3L45 

3.4i> 

SUJ 

U-iTT 

hk;ji 

itKatt 

L>1 

i.::* 

:-TA 

.aw 

V 


«t 


^»       uw«oii       :!iiM.>ji» 


ottow^Nt    l:\KicK*;d«   rvi;:iftrUtrt^  tc   ;ftcs  r^MJI^    DaV    ^nu   ^lUv^hMuc   » 
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sometimes  replace  the  groap  BO2,  au  equivalency  which  is  strongly 
indicated  in  the  cappelenite  group  of  minerals. 

The  brown  tourmaline  from  Gouverneur,  New  York,  as  analyzed  by 
Biggs,  also  reduces  to  a  similar  mixture  of  molecules,  and  its  composi- 
tion may  be  written  thus: 

5.  Al6(8i04)«(B08), .  BOaCa  .  MgiH^, 
3.  Al«(8i04)6(BO,)3 .  BOaMg  .  Mg4H„ 
2.  Al6(Si04)6(BOi), .  BO,NaH  .  AlaNa^a,; 

and  the  comparison  between  analysis  and  theory  is  as  follows: 


RedacecL 

CalculHted. 

37.54 

37. 32 

10.76 

10.88 

28.72 

28.53 

14.51 

14.52 

2.79 

2.90 

1.83 

1.93 

3.85 


100.00 


3.92 
100.00 


By  consolidating  lime  with  magnesia  the  expressions  for  both  tour- 
malines might  be  simplified^  but  in  other  cases  this  would  not  be 
warranted.  In  some  tourmalines  calcium  seems  rather  to  replace 
sodium,  or  else  the  group  NaH,  a  probability  which  will  appear  later. 

In  these  two  tourmalines  the  theoretical  silicon-oxygen  ratio  SiKOm 
is  assumed,  in  accordance  with  my  original  formula.  We  may  now 
consider  the  cases  in  which  that  ratio  is  exceeded,  with  more  or  less 
approach  to  the  formula  proposed  by  Penfield  and  Foote.  This  condi- 
tion is  easily  satisfied  by  regarding  one  of  the  component  salts  of  tour 
maline  as  slightly  basic,  containing  the  bivalent  group  =  Al— O— H  or 
=A1— F  as  an  essential  factor.  With  this  assumption,  which  recog- 
nizes the  equivalency  of  hydroxy  1  and  fiuorine,  the  analyses  reduce 
to  the  general  type  indicated  in  the  two  preceding  examples.  For 
instance,  the  white  tourmaline  from  De  Kalb,  New  York,  has  the  follow- 
ing composition : 

10.  Al6(8i04)6(BO,)a  .  B03(A10H)  .  Mg4H4. 
20.  Al6(Si04)6(B0.2)«  .  BOaCa  .  Mg4H4. 
3.  Al6(8i04)6(B08)a  .  BOsNa^ .  Al^Nas. 

For  comparison  the  analyses  by  Penfield  and  Foote  and  by  Kiggs  are 
available.    In  this  case  the  minute  quantities  of  titanium  are  ignored. 
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Found. 

Rednoed. 

CalciilMed. 

P.  and  F. 

RlfCgB. 

P.  and  F. 
36. 56 

Rigg». 

1 

Mean       ! 

i 

SiOa 

36.72 
.05 

36.88 

.12 

10.58 

28.87 

.52 

14.53 

3.70 

1.39 

.18 

3.56 

.50 

36.81 

36.69    ' 

Jlft  70 

TiOs 

BiO, 

AliOa  

FeO 

MirO 

10.81 

29.68 

.22 

14.92 

10.76 
29.55 

1    J4.97 

3.47 

1       1.28 

10.56 
28.81 

14.79 
3.69 
1.50 

3.84 

10.66 
29.18 

14.88 
3.58 
1.39 

3.62 
100.00 

10.74 

29.07 

1 

14.86 
3.48 
1.44 

CaO 

NajO 

K2O 

3.49 
1.26 

.05 
2.98 

.93 

H2O 

3.62    ' 

F 

100.00 

101. 11 

100.83  ■ 

100.00 

100.00 

The  dark  brown  toarmalines  from  Orford,  New  Hampshire,  and 
Monroe,  Ccnnecticut,  as  analyzed  by  Kiggs,  also  reduced  to  similar 
form,  and  approximate  to  the  mixture 

15.  AUCSiO^MBO,), .  BOiCAlOH)  .  ^gjli, 
6.  Alft(8iO06(BO«)i .  BOsCa  .  Mg4H4, 
8.  Alft(8i04)6(BO,)8  .  BOaNaH  .  AlsNaaH, 

with  the  comparison  as  follows: 


SiO, 

B,0:, 

AI2O3 

Ti02 

FeO 

MgO 

CaO 

NajO 

K,0 

H2O 


Fonnd. 


Orford. 

36.66 

10.07 

32.84 

.23 

2.50 
10.35 

1.35 

2.42 
.22 

3.78 

100.42 


Monroe. 


36.41 
9.65 

31.27 
1.61 
3.80 
9.47 
.98 
2.68 
.21 
3.79 


99.87 


Orford. 

36.96 
10.16 
33.28 


11.84 
1.36 
2.58 

3.82 


100.00 


led. 



Calonlated. 

Monroe. 

37.34 

36.84 

9.89 

10.74 

33.13 

33.11 

n.88 

11.85    ! 

1.00 

1.19 

2.88 

2.62 

3.88 

3.65    i 

100. 00   !   100. 00 


Here  the  divergence  between  the  composition  as  found  and  as 
(calculated  is  evidently  due  to  the  low  determinations  of  boric  acid  in 
the  analyses.    Still  the  comparison  is  close. 
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Between  the  magnesium  tourmalines  and  the  iron  tonrmalines  the 
closest  analogy  exints,  and  the  identity  of  type  is  absolute.  Taking, 
except  when  otherwise  specified,  the  analyses  by  Kiggs,  all  the  iron 
tourmalines  reduce  to  mixtures  of  the  following  isomorphous  molecules: 

A.  AU(8i04)«(B08),  .  BOsCAlOH)  .  Fe^H*,! 

B.  Al6(Si04)«(BO*)«  .  BOsCa  .  Fe4H4,         J 

C.  Al5(SiO4)6(BO03  .  BOsNaH  .  AlsNaH,,) 

D.  Al6(8i04MBOi)« .  BOsNaH  .  Al3Na,H,l 
£.  AlA(Si04)«(BO})2 .  BOaNaH  .  AlsNas.    J 

Molecules  G,  D,  and  E  are  evidently  identical,  except  in  the  varying 
replacements  of  sodium  by  hydrogen.  A  and  B  are  similarly  alike,  so 
that  actually  only  two  fundamental  compounds  are  assumed.  From 
the  commoner  iron  tourmalines  lime  is  practically  if  not  quite  absent; 
and  these  may  be  interpreted  very  nearly  as  mixtures  of  A  and  G,  such 
as  AbCs,  A7O5,  etc.  If  we  take  the  minute  quantities  of  lime  into 
account,  the  black  tourmalines  from  Brazil  and  from  Stony  Point,  North 
Carolina,  correspond  to  A13B2O9;  that  from  Auburn,  Maine,  to  A35B2G27, 
and  that  from  Paris,  Maine,  to  A10B1C9.  It  will  be  noticed  that  the 
molecule  A  is  in  excess  of  the  other  two,  a  condition  which  fits  the 
analyses,  but  which  is  incompatible  with  the  formula  proposed  by  Pen- 
field  and  Foote.  To  satisfy  the  latter  the  number  of  A  molecules 
should  be  exactly  equal  to  B  +  C,  giving  the  ratio  Si402i  or  Si«03i^. 
The  analyses  in  question  are  as  follows : 


Brazil. 

stony  Point. 

Anbom. 

Paris. 

SiOj 

34.63 
9.63 

35.56 

10.40 

.55 

33.38 

34.99    ' 
9.63 

35.03 
9.02 

BjO, 

TiOj 

. 

Al.O, 
Fe,0:, 

'-•-•..•••..•...••. 

32.70 

.31 

13.69 

.12 

2.13 

.33 

.08 

2.11 

.24 

3.49 

.06 

33.96 

34.44 

1.13 

12.10 

.08 

1.81 

.24 

.07 

2.03 

.25 

3.69 

i 

I...... .... 

•  •••.  ••••  •••».  •••• 

FeO 

8.49 
.04 

5.44 
.53 

traoe 

2.16 
.24 

3.63 

14.23 

.06 

1.01 

.15 

MnO 

'  ...... ...... ...... 

MgO 
CaO. 

LiiO 

Na^O 

'.....a    ••••..    ...... 

2.01 

.34 

3.62 

KaO 

H2OI 

F       ' 

1 

1 

99.89 

99.52 

100.42 

100.00 

1 
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The  reduced  analyses  and  their  comparison  with  the  calculated  com- 
position is  a8  follows: 


!  Found. 
i  Stony 
'    Point. 


Found. 
Brazil. 


Galea- 

Utod. 

A«B,C». 


Foand. 
Anbum. 


Calcu- 
lated. 


Found.     Calonlated. 
Paris.         A|^,Gt. 


siOa ai.io 

ftiO:, 9.98 

AliO, 32.37 

FeO 17.33 

CaO 52 

Na^O   i  2.22 

HiO 3.48 


34.26 
9.54 
52.54  ' 

17.45  : 

.33 

2.40 
3.48  ' 


~ 

34.27 

34.75 

34.48  < 

34.70 

34.62 

9.&9 

9.56 

10.06  , 

8.94 

10.10 

32.36 

33.73 

33.28 

34.82 

33.60 

17.14 

15.99 

15.95 

15.30 

15.23 

.45 

.15 

.17 

.25 

.27 

2.22 

2.23 

2.50 

2.33 

2.67 

3.57 

3.59  . 

3.56  , 

3.66 

3.51 

100.00     100.00     100.00  i  100.00     100.00 


100. 00       100. 00 


Here  again  the  agreements  between  analysis  and  theory  are  as  close 
as  coald  be  reasonably  expected.  The  same  thing  i.s  true  of  the  black 
tourmalines  from  Haddam  Neck,  Connecticut,  and  Nan  tic  Gulf.  Using 
letters  to  represent  the  several  molecules,  as  above,  the  Iladdam  min- 
eral is  sharply  represented  by  A4B1D2,  and  that  from  Nantic  Gulf  by 
A^B^GsEi.     Here  is  the  comparison  : 


Found. 


Haddam  Keck. 


Reduced.     Calculated.      Found. 


Nantic  Gulf. 


Reduced.     Calculated. 


SiO,  . 

B,0;,    . 

TiO,  . 
AI2O. 
FeaO, 
FeO  . 
MnO. 
MgO  . 
CaO  . 
Na.O. 
K,0 . . 
HaO.. 


33.78 
9.60 

30.74 

19.31 


3.62 


.78 
2.30 

3.49 


33.67  I 

9.82  : 

I 

30.67 

I 

19.24 


35.34  ! 

10.45  i 

.40  '. 

30.49  ' 


100. 35         100. 00 


.75 
2.48 

3.37 


33.34 
9.86 

29.01  ' 

20.46  ' 


33.60 
9.80 

28.84 

20.55 


2.19 
1.74. 

3.40 


2.15 
1.70 

3.36 


100.00       100.49         100.00  ,     100.00 


To  the  lithia  tourmalines,  as  analyzed  by  Riggs,  a  similar  set  of 
formulae  apply,  although  the  comparison  between  fact  and  theory  is  not 
quite  so  close  as  in  the  preceding  cases.  The  red  tourmalines  from 
Brazil  and  from  Kumford,  Maine,  are  very  nearly  represented  by  the 
expression 
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with  Li :  Na  approximately  as  5 : 4.  The  slight  deficiency  in  the  alkalies 
is  made  up  by  the  presence  of  small  amounts  of  calcium,  iron,  and 
manganese,  but  the  ratio  Al«:  Sia  is  very  clear.  The  green  tourmalines 
are  all  lower  in  alumina,  and  range  downward  toward  the  iron  end  of 
the  series;  and  like  the  latter  are  representable  as  mixtures  of  the  fol- 
lowing molecular  types: 

A.  Ala(8i04)6(B08),  .  BOaCAlOH) .  Fe.H,. 

B.  Al6(S104}o(BOs)s .  BOsCa .  Fe4H4. 

C.  Ala(8i04)6(BO,), .  BO3LIH .  AlaLiiH4. 

D.  Al«(Si04)o(BOs)s  .  BOaNaH .  AlsKaH,. 
£.  A]A(8iO4)«(BO03  •  BO3H3  .  AliNaHs. 

Thus  the  dark,  opaque  green  tourmaline  from  Bumford,  Maine,  is  a 
molecular  mixture  corresponding  to  A6B2O7D14E5;  the  similar  mineral 
from  Auburn  is  AsBiOsDn;  the  light  green  from  Auburn,  A2CB310D8E12, 
and  the  nearly  colorless  firom  Auburn,  AiBsO^oDioEss.  From  Brazil  the 
dark  green  is  AaBiOeDs,  and  the  light  green  is  A1B2G9D8E5.  The  com- 
plexity of  these  expressions  is  only  apparent,  not  real,  as  a  study  of 
the  original  type  formulsd  will  show.  They  compare  with  the  reduced 
analyses  as  follows: 


SiOs 

B963 

AI3O3 

F6O. 

CaO 
Na^O 
LiaO 
HaO. 


Rnmford. 

Aabnm,  dark. 

Found. 

CalonlAted. 

Found. 

Calculated. 

36.68 

36.69 

36.37 

36.45 

10.26 

10.69 

9.98 

10.63 

38.26 

37.74 

36.89 

37.21 

6.78 

6.90 

7.94 

7.72 

.84 

.34 

.17 

.16 

8.12 

3.07 

3.19 

3.14 

.95 

.94 

1.06 

1.07 

3.61 

3.63 

4.40 

3.62 

100.00 

100.00 

100.00 

100.00 

Anbnm,  mediam. 


Found. 


37.95 

10.57 

38.11 

4.47 

.50 

2.58 

1.35 

4.47 


Calculated. 


100.00 


37.52 

10.94 

39.02 

4.28 

.50 

2.58 

1.35 

3.81 


100.00 


SiOa 

B9O3 

AI3O3 

FeO. 

CaO. 

Na,0 

Li«0 

H|0. 


Aabnm,  pale. 


Found. 


38.25 

10.30 

39.92 

2.75 

.43 

2.55 

1.34 

4.46 


Calculated. 


100.00 


37.92 

11.05 

40.17 

2.56 

.49 

2.53 

1.34 

3.94 


100.00 


Brazil,  dark. 


Found. 


37.24 
9.95 

38.66 
5.49 
.39 
2.90 
1.63 
3.74 


100.00 


Calculated. 


37.14 

10.83 

38.07 

5.24 

.35 

3.01 

1.64 

3.72 


100.00 


Brazil,  ll«ht. 


Found. 


37.49 

10.32 

39.86 

3.74 

.49 

2.59 

1.71 

3.80 


100.00 


Calculated. 


37.64 

10.97 

39.04 

3.61 

.46 

2.76 

1.69 

3.83 


100.00 


A 
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In  these  cases  the  low  boric  acid  of  the  analyses  and  the  unoertain- 
ties  as  to  the  signiticance  of  the  water  determinations  account  for  the 
chief  variations  between  observation  and  theory.  There  is  another 
complication  also,  due  to  the  fact  that  alternative  expressions  are  pos- 
sible between  which  it  is  very  difficult  to  decide.  Id  the  tourmaline 
from  Haddam  Neck,  Oonnecticut,  analyzed  by  Penfield  and  Foote«  a 
somewhat  different  commingling  of  molecules  seems  to  be  necessary, 
partly  on  account  of  the  higher  proportion  of  lime  in  the  mineral 
and  partly  on  account  of  the  fluorine.  This  tourmaline  also  admits 
of  various  alternatives  in  formulation,  but  it  agrees  well  with  the 
molecular  mixture — 

3.  Al6(Si04)«(BOs)s  .  BOsCa  .  Feja^, 
10.  AUCSiOOeCBOOs  .  BOaCAlOH)  .  AI^LisHi, 
1.  Al6(Si04)6(BOs)s  .  BOsCa  .  AlsNaH., 
6.  AlA(Si04)o(B08)3  .  BOsNaH  .  AUNaH^; 

in  which  Ga  is  equivalent  to  a  replacement  of  NaH.  This  mixture, 
with  the  group  AlOH  proportional  to  fluorine,  gives  a  good  compari- 
son between  analysis  and  theory,  thus: 


SiOa 
BaOa 
TiO, 

AlgOs 

FeO. 

MnO 

MgO 

CaO. 

NaaO 

LiaO 

HaO. 

F... 


Fonnd. 


36.96 

11.00 

.03 

39.56 

2.14 

2.00 

.15 

1.28 

2.10 

1.64 

3.10 

1.13 

Redaoed. 


) 


36.75 
10.94 

39.35 
4.35 


101.09 


} 


1.27 
2.09 
1.63 
3.62 


100.00 


Calculated. 


36.86 
10.74 

39.44 
4.43 


1.15 
2.07 
1.54 
3.77 


100.00 


The  theoretical  amount  of  fluorine  needed  to  replace  hydroxyl  in  the 
assumed  group,  AlOH,  is  0.97  per  cent.  Altogether,  the  comparison  is 
fairly  satisfactory. 

One  analysis  by  Biggs,  that  of  the  magnesium  tourmaline  from 
Hamburg,  New  Jersey,  I  have  omitted  from  my  discussion.  In  that 
tourmaline  there  are  variations  which  I  can  not  readily  account  for, 
unless  by  assuming  the  presence  in  it  of  a  molecule 

Al6(8iO4)6(BO0* .  BOaR'a .  R'b. 

Such  a  molecule,   written  structurally,  exhibits  affinities  to  garnet 
rather  than  to  the  micas  j  and  I  prefer  to  await  further  evidence  before 
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oommittiiig  myself  to  any  definite  formalation  in  this  instance.  As 
for  the  analyses  published  by  Jannasch  and  Kalb,  they  fit  in  well  with 
those  of  Biggs,  and  are  amenable  to  the  same  treatment. 

At  first  glance  some  of  the  formulas  which  I  have  proi>osed  may 
seem  to  be  complex ;  but  they  are  all  of  the  same  type,  and  can  be 
reduced  to  a  few  general  expressions,  as  follows: 


^Si04SR', 
Al— 81043  Al 
\8i04=AlBOi 


^  81043  R'» 
Al— 8i04SAl 
\8i04=AlB0. 


.Si043E"H 
Al— 8i043R"H 
'^8i04=AlBO, 


Al— B03=R'«(R")  Al— B03=R'«(R") 


.8i04=AlBO, 

Al— 8i04EAl 

\si04=Al 
1. 


.8i04=AlBO, 
Al— 8i04SAl 

\si04=R'3 
2. 


Al— B03=R" 

.Si04=AlB0a 

Al— Si04SR"H 

\si04=R"H 
3. 


These  formulsB  cover  all  of  the  established  vaiiations  in  the  compo- 
sition of  tourmaline;  they  render  the  various  replacements  or  isomor- 
phous  admixtures  intelligible,  and  they  indicate  the  directions  into 
which  the  species  commonly  alters.  There  is  one  objection  to  them, 
namely,  that  one  of  the  end  products  contains  no  alkali  metal,  and  no 
alkali-free  tourmaline  is  known.  The  same  objection  applies  to  the 
Penfield-Foote  formula,  as  will  be  seen  by  anyone  who  attempts  to 
apply  it  in  the  discussion  of  the  iron  tourmalines.  Under  either  system 
of  formulation  the  existence  in  tourmaline  of  alkali-free  salts  must  be 
assumed. 

One  further  possible  advantage  in  the  proposed  formulae  remains  to 
be  pointed  out.  All  of  the  chemists  who  of  late  years  have  discussed 
the  composition  of  tourmaline  agree  in  adopting  the  ratio  between 
silicon  and  boron  of  2:1,  or  4810] :  BjOa.  And  yet  many  of  the 
analyses  vary  from  this  ratio  to  an  extent  which  may  not  be  due  to 
experimental  errors.  For  example,  from  among  Biggs's  analyses  the 
following  cases  show  large  variations,  the  boron  being  too  low^  I 
give  the  silica  and  boric  oxide  as  determined,  the  boric  oxide  as  calcu- 
lated from  the  silica  by  the  accepted  ratio,  and  the  amount  of  variation 
between  the  two. 


1 

8iO,. 

foand. 

B,0, 
oaloulated. 

Diiferenc4^. 

Ramford.  red 

38.07 
35.03 
36.  %1 
36.91 
38.14 

9.99              11.10    '        —1.11 

Paris,  black...... 

9. 02              10. 22 

9. 65              10. 62 

9. 87              10. 76 

10. 26              11. 12 

—1.  20 
—0.97 
-0.89 
—0.87 

Monro6,  brown ............. 

Brazil,  irreen 

Aabnm,  colorless 
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In  the  analyses  by  Jannasch  and  Kalb  the  following  examples  are 
very  striking: 


SiOt. 

fotind. 

oalooiiited. 

Difhrenoo. 

Snanm 

35.64 
34.88 
36.50 
87.05 

9.  S3 
8.94 
8.34 
9.09 

10.40 
10.17 
10.35 
10.81 

—1.47 
—1.23 
—2.01 
—1.72 

Maninka  ...- ...-. 

Backworth 

Brazil 

It  wonld  hardly  be  wise  to  dismiss  these  variations  as  due  to  errors, 
especially  when  the  summation  of  the  analyses  is  good  and  the  analysts 
are  known  to  be  trustworthy.  Such  errors  on  the  part  of  either  Jan- 
nasch or  Biggs  would  be  almost  incredible,  and  I  am  therefore  inclined 
to  believe  that  the  analyses  are  good,  and  that  we  should  seek  a  cause 
for  the  variations.  In  my  scheme  of  formulation  the  bivalent  group  of 
atoms  =  A1  —  BO2  occurs.  Beplace  this  in  part  by  the  similar  groups 
=  Al — OH  and  ==  Al — F,  and  the  variations  are  accounted  for.  This 
supposition  satisfies  the  analyses  completely,  and  covers  the  ground.  It 
is  in  accord  with  all  the  evidence,  even  though  its  validity  may  not  be 
definitely  proved.  By  its  application  to  the  discussion  of  the  analyses 
the  divergencies  between  the  calculated  composition  and  the  composi- 
tion as  found  can  be  notably  diminished. 

But  although  the  formulae  which  I  have  adopted  serve  to  express  the 
composition  of  all  tourmaliues,  they  s'^ill  leave  room  for  alternatives. 
Penfield  and  Foote,  as  well  as  myself,  assume  that  tourmaline  is  a  mixed 
salt  containing  distinct  boric  and  silicic  radicles.  Future  investigation 
may  prove  that  it  is  really  derived  firom  a  complex  borosilicic  acid,  as 
yet  unknown;  and  the  same -conception  maybe  true  of  other  species, 
such  as  axinite,  datolite,  danburite,  cappelenite,  etc.  A  series  of  boro- 
silicic acids  is  theoretically  conceivable;  and  until  this  question  has 
been  considered,  the  constitution  of  all  the  minerals  above  mentioned 
must  be  regarded  as  unsettled. 


THE  COLORIMETRIC  ESTIMATION  OF  SMALL  AMOUNTS  OF  CHROMIUM,  WITH  SPECIAL 

REFERENCE  TO  THE  ANALYSIS  OF  ROCKS  AND  ORES. 


By  W.  F.  HlLLBBBAlO). 


INTBODTJOTION. 

In  the  analysis  of  a  nnmber  of  highly  titaniferous  magnetites  con- 
taining chrominm,  phosphorus,  and  vanadium,  the  satisfactory  separa- 
tion of  all  these  bodies  in  a  form  fit  for  separate  determinations  became 
a  serious  problem.  The  method  of  T.  Fischer  ^ — digestion  of  the  precipi- 
tated lead  salts  with  a  strong  solution  of  potassium  carbouate — appears 
to  offer  the  long-needed  satisfactory  quantitative  separation  of  arsenic, 
phosphorus,  chromium,  tungsten,  and  molybdenum  from  vanadium,  the 
normal  lead  meta-vanadate  remaining  quite  unattacked,  according  to 
the  author,  while  the  other  lead  salts  are  wholly  decomposed,  but  the 
applicability  of  this  method  to  the  separation  of  the  minute  amounts 
often  found  in  rocks  and  ores  has  not  been  tested.  The  time  required 
is  considerable,  hence  it  was  desirable  to  devise  a  more  rapid  way  for 
determining  both  chromium  and  vanadium  without  resorting  to  this 
separation.  That  this  object  has  been  measurably  achieved,  with  cer- 
tain limitations  as  to  vanadium,  the  work  thus  far  done  seems  to  indi- 
cate. The  present  paper  will  deal  only  with  the  rapid  estimation  of 
chromium  either  in  absence  or  presence  of  any  or  all  of  the  elements 
above  mentioned. 

In  view  of  the  high  coloring  power  of  the  chromates,  it  is  surprising 
that  so  little  use  has  been  made  of  this  property  as  the  basis  for  a 
quantitative  method  for  the  estimation  of  chromium.  A  search  through 
some  of  the  more  important  textbooks  has  revealed  no  reference  to 
such  a  method,  although  L.  de  Koningh '  has  successfully  applied  it  in 
the  analysis  of  articles  of  food.  Yet  the  results  attainable  by  colori- 
metric  comparisons  of  dilute  alkaline  solutions  of  unknown  strength 
with  those  of  a  known  standard  leave  little  to  be  desired  in  x>oint  of 
quantitative  accuracy. 

ilnaagnral  DiBaertation,  Rostock,  1894. 

*NoderL  Xydsch.  voor  Pharmaoie,  CbMnie,  en  Tozicologie,  1889,  p.  257. 
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As  with  colorimetric  methods  in  general  this  one  gives  better  results 
with  small  than  with  large  percentages  of  chromium,  yet  it  can  be 
applied  in  the  latter  cases  with  very  fairly  satisfactory  results  by 
making  a  larger  number  of  consecutive  comparisons  with  the  same 
solution. 

Outline  op  Method. 

The  chromium  is  brought  into  a  measured  volume  of  solution  as 
monochromate  rendered  alkaline  by  sodium  carbonate,  and  the  whole 
or  a  portion  of  this  solution  is  then  compared  with  a  definite  amount  of 
a  somewhat  stronger  standard,  likewise  made  alkaline  with  sodium 
carbonate.  The  latter  is  diluted  with  water  till  both  seem  to  be  exactly 
alike  in  color,  when  a  simple  calculation  gives  the  amount  of  chromium 
sought.  The  actual  comparison  takes  little  time,  and  any  number  of 
repetitions  can  be  made  if  desired  in  order  to  secure  greater  accuracy 
firom  the  mean  of  a  large  number  of  observations.  The  preparation  of 
the  solution  to  be  tested  offers  nothing  novel,  but  certain  precautions 
have  to  be  observed  therein  as  well  as  in  the  color  comparisons  which 
will  be  touched  upon  later. 

Testing  op  Method  by  Comparison  op  Standard  Solutions. 

Two  standard  solutions  were  prepared  by  dissolving  0.25525  and 
0.5105  gram  potassium  chromate  in  1  liter  of  water  made  alkaline  by 
a  little  sodium  carbonate,  each  cubic  centimeter  then  corresponding 
respectively  to  0.1  and  0.2  milligram  chromic  oxide,  in  which  latter 
form  chromium  is  usually  reported  in  rocks  and  ores.  Definite  amounts 
of  one  of  the  standards  were  then  diluted  with  varying  amounts  of 
water  in  a  tall,  square  glass  vessel  with  exactly  parallel  sides.  Into  an 
exact  duplicate  of  this  vessel  5  cubic  centimeters  or  more  of  the 
standard  were  introduced  from  a  burette  and  diluted  with  water  firom 
another  burette  till  exact  agreement  seemed  to  be  reached  on  looking 
through  the  glasses  horizontally. 

In  the  following  tables  are  recorded  all  observations  without  regard 
to  the  sequence  in  which  they  were  made.  No  greater  pains  were 
taken  to  get  exact  agreement  of  color  than  are  ordinarily  observed  in 
our  routine  titanium  estimations,  which  are  carried  out  in  a  precisely 
similar  manner,  so  that  the  results  may  be  taken  to  represent  every- 
day work  without  extreme  precautions.  In  only  two  cases  can  the 
observations  be  considered  really  bad,  viz,  the  third  comparison  of  No. 
6  and  the  first  of  No.  16. 
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Table  I. 


[Tepi  cable  centimeters  standard  represent  1  milligram  chromic  oxide.] 


Fo. 

Test  solution . 

Comparison  stand - 
ard. 

ContentH 

as 

chromic 

oxide. 

1 

Chromic 

oxide 

foand. 

Chromic 

oxide 

present. 

Error. 

Chromic 
oxide 
found. 

Stand- 
ard. 

Dilated 

with 

water. 

Cable 
centime- 
ters. 

HO 
1   added. 

1 

e.  e. 

e.e. 

e.e. 

Mg,. 

Mgi. 

Mgi. 

Jfpt. 

Per  Mfit 

1    «10 

a90 

5 

44.00 

0.5 

0.98 

1 

— 0 

.02 

98.0 

2  '620 

680 

5 

21.00 

.5 

1 

1.92 

2 

— 

.08 

96.0 

3 

40 

60 

10 

14.60 

1.0 

4.06 

H- 

.06 

101.5 

4 

40 

60 

9.7 

14.25 

.97  1 

4.05 

H- 

.05 

101.2 

10 

13.95 

1.0 

4.17 

+ 

.17 

104.4 

10 

14.30 

1.0 

4.11 

+  . 

11 

102.9 

10 

14.20 

1.0 

4.13 

+  . 

13 

103.3 

5 

40 

60 

10 

14.65 

1.0 

4.05 

+ 

.05 

101.4 

10 

15.65 

1.0 

3.90 

— 

.10 

97.5 

6 

40 

60 

10 

15.25 

1.0 

3.96 

—  , 

.04 

99.0 

10 

14.30 

1.0 

4.11 

H-  . 

11 

102.9 

10 

13.15 

1.0 

4.32 

+ 

.32 

108.0 

10 

14.75 

1.0 

4.04 

+  ■ 

.04 

101. 0 

20 

29.50 

2.0 

4.04 

g 

+ 

.04 

101.0 

7 

50 

50 

10 

9.75 

1.0 

5.06 

5 

+  . 

.06 

101.2 

8     50 

50 

10 

10.00 

1.0 

5.00 

5 

.00 

100.0 

9  1  60 

40 

10 

7.20 

1.0 

5.81 

6 

— 

.19 

96.7 

10     75 

25 

20 

6.65 

2.0 

7.505 

7.5 

+ 

.005 

100.1 

20 

6.60 

2.0 

7.519 

7.5 

-f  ■ 

.019 

100.2 

10 

3.15 

1.0 

7.605 

7.5 

+  . 

.105 

101.4 

1 

15 

4.70 

1.5 

7.610 

7.5 

+  . 

.11 

101.5 

11  ,  10 

10 

10 

10.15 

1.0 

0.992 

I 

— 

.008 

99.2 

20 

19.75 

2.0 

1.006 

1 

— 

.006 

100.6 

12     10 

11 

10 

10.60 

1.0 

1.02 

1 

+  . 

.02 

102.0 

13     14. 2 

26.9 

10 

18.60 

1.0 

1.43 

1.42 

H- 

.01 

100.7 

20 

35.70 

2.0 

1.47 

1.42 

H- 

.05 

103.5 

14  ,  15 

24.35 

10 

16.55 

1.0 

1.48 

1.5 

—  , 

.02 

98.7 

15 

16 

20 

10 

13.30 

1.0 

1.54 

1.6 

.06 

96.2 

20 

24.30 

2.0 

1.63 

1.6 

4- 

.03 

101.9 

16 

31.9 

20.6 

10.5 

8.10 

1.05 

2.96 

3.19 

— 

.23 

92.8 

20.5 

14.20 

2.05 

3.10 

3.19 

— 

.09 

97.2 

17 

62.05 

22.3 

20 

7.00 

2.0 

6.25 

6.205 

H- 

.45 

100.7 

40 

12.00 

4.0 

6.49 

6.205 

4- 

.285 

104.6 

Mean  percentage  foand,  100.5. 


a  Color  in  this  dilation  too  faint. 

6  Limit  of  dilution  for  clear  distinction  of  color  in  a  thickness  of  3.3  cm. 
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Table  II. 

[Varying  amoonts  of  sttndardNo.  2  (1  o.  o.  =  0.3  mg.  CrsO|)  dilated  till  of  the  same  concentration  as 

standard  No.  1.]  '  ' 


No. 

Standard. 

Chromic 

oxide 

found  per 

100  cc. 

Chromic 

oxide 

present  in 

100  cc. 

Error. 

Chromic 
oxide 
found. 

Cubic  oen> 
timeters. 

Water 
added. 

Content* 
as  chromic 
oxide. . 

18 
19 
20 
21 
22 

5 
10 
15 
20 
30 

e.e. 
5.2 

9.95 

15.8 

20.0 

29.5 

Mgi. 

2 
3 
4 
5 

Mgi. 
.      9.80 

10.02 

9.74 

10.00 

10.08 

Mgi. 
10 

10 

10 

10 

10 

Mg. 
-0.2 

-f  .02 

—  .26 

.00 

+  .08 

Per  cent. 
98.0 

100.2 

97.4 

100.0 

100.8 

Mean  perceDtage  foand,  99. 3 ;  grand  mean,  100. 36. 

The  first  table  and  tbe  grand  mean  show  an  apparent  personal 
tendency  toward  slightly  high  results,  though  it  is  possible  that  this 
is  due  to  a  slight  difference  in  the  internal  dimensions  of  the  two 
glasses,  the  same  one  always  having  been  used  for  the  standard  solu- 
tion. If  this  is  so,  a  long  series  of  tests  with  glasses  reversed  should 
give  a  general  mean  slightly  below  100. 

Testing  the  Method  on  Ores  and  Eogks. 

In  order  to  prove  the  value  of  the  method  in  rock  analysis,  varying 
amounts  of  the  standard  solution  were  evaporated  in  a  large  crucible 
with  5  grams  of  an  iron  ore  carrying  phosphorus  and  vanadium,  and 
fused  with  20  grams  of  sodium  carbonate  and  3  grams  sodium  nitrate. 
The  aqueous  extract,  after  reduction  of  manganese  by  methyl  or  ethyl 
alcohol,  was  nearly  neutralized  by  nitric  acid  and  evaporated  to  secure 
approximate  separation  of  silica  and  alumina.  As  a  precautionary 
measure,  since  a  little  chromium  is  usually  carried  down,  the  precipi- 
tate was  ignited,  silica  was  removed  by  hydrofluoric  and  sulphuric 
acids,  tbe  residue  was  fused  with  sodium  carbonate,  and  alumina  again 
separated  as  before.  To  the  combined  filtrate  was  added  mercurous 
nitrate,  and  the  slightly  washed  copious  precipitate  of  phosphate,  chro- 
mate,  vanadate,  and  carbonate  of  mercury  was  ignited  with  the  paper 
in  a  platinum  crucible,  which  can  be  done  without  much  fear  of  loss  or 
of  jnjury  to  the  crucible.  The  residue  was  then  fused  with  a  little 
sodium  carbonate,  extracted  with  water,  filtered  into  a  graduated  flask 
and  made  up  to  50  or  100  cubic  centimeters,  according  to  the  intensity 
of  the  color,  and  compared  with  the  standard.  A  similar  operation 
was  carried  out  with  a  silicate  rock.    Table  III  shows  the  results. 
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Tablb  III. 


"StK 


II, 


III. 


Five  grams  iron  ore. 


Five  grams  iron  ore 


Two  grams  silicate 


Chromioox- 
ide  added. 


MiUtgrttmt, 
7.03 


2.99 


L6 


Chromio  ox* 
ide  foand. 


MiUigranu. 
7.18 
7.20 
7.26 
7.21 

3.06 
3.13 

1.63 
1.57 
1.69 


When  the  percentage  of  chromio  oxide  in  an  ore  or  mineral  is  more 
than  about  0.2  per  cent,  and  vanadium  has  not  also  to  be  estimated, 
much  time  may  be  spared  by  at  once  taking  the  color  of  the  original 
extract  from  the  sodium  carbonate  fhsion  after  insuring  complete 
reduction  and  removal  of  manganese,  and  perhaps  concentrating.  But 
if  the  chromium  is  much  less  than  this  amount,  and  especially  if  sev- 
eral grams  of  powder  have  been  operated  on,  it  becomes  difficult  or 
impossible  to  obtain  a  filtrate  of  sufficiently  small  bulk  to  show  a 
decided  color.  Therefore,  in  such  cases,  and  when  vanadium  is  like- 
wise to  be  estimated,  it  is  necessary  to  precipitate  as  above  with 
mercurons  nitrate  in  order  to  eventually  have  a  small  bulk  of  suf- 
ficiently colored  solution.  Even  then,  for  very  minute  amounts,  it  is 
necessary  to  use  Nessler  tubes  exactly  as  in  ammonia  estimations. 

If  niter  has  been  used  in  the  fusion  and  the  crucible  has  been 
attacked  by  it,  a  yellow  color  of  the  filtrate  may  be  due  to  dissolved 
platinum,  but  neither  tbe  proportion  of  niter  nor  the  temx>eratare  of  the 
blast  should  ever  be  high  enough  to  permit  the  crucible  to  be  attacked. 

The  Golobimetbio  Appabatus  and  its  Use. 

The  glasses  employed  were  of  approximately  square  section,  about  12 
centimeters  high  and  3.3  centimeters  inside  measurement,  with  exactly 
parallel  sides,  and  of  course  as  nearly  alike  as  they  could  be  obtained. 
One  pair  of  opposite  sides  of  each  should  be  blackened.  With  glasses 
of  the  thickness  mentioned  it  is  generally  advisable  to  use  from  5  to  10 
cubic  centimeters  of  standard  at  a  time  and  to  so  regulate  the  strength 
of  the  solution  to  be  tested  that  it  shall  contain  more  than  2  milligrams 
chromic  oxide  in  100  cubic  centimeters,  which  is  about  the  limit  of 
distinct  visibility  in  a  thickness  of  3.3  centimeters. 

In  order  to  exclude  the  effect  of  side  light  in  this  and  other  similar 
methods  (titanium,  for  instance),  it  is  very  convenient  to  have  a  simple 
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light  box  that  can  be  easily  held  in  one  hand,  abont  35  centimeter  long 
and  13  to  14  centimeter  sqnare,  painted  black  inside  and  oat  and  with 
one  end  closed  by  a  piece  of  ground  glass,  the  other  open.  For  a  space 
eqaal  to  the  width  of  the  glasses  the  cover  is  removed  at  the  top  next  the 
glass  end  to  permit  of  the  insertion  of  the  glasses,  side  by  side,  in  such  a 
way  that  no  1  ight  shall  penetrate  aroand  their  sides  or  between  them.  A 
stiffly  sliding,  black  cardboard  shatter  is  movable  np  and  down  im- 
mediately back  of  the  glasses,  so  that  all  light  can  be  cat  off  except  that 
which  comes  through  the  liquid. 

Precautions  of  this  kind  are  necessary  if  accurate  results  are  to  be 
counted  on.  Except  for  mere  traces  this  simple  combination  of  glasses 
and  darkened  box  insures  greater  accuracy  and  rapidity  of  work  than 
Nessler  tubes  and  is  preferable  likewise,  so  far  as  my  own  experience 
goes,  to  expensive  instruments  like  the  colorimeter  of  Soleil-Dubosoq, 
etc.  The  glasses  should,  of  course,  have  exactly  parallel  sides  and 
equal  diameters,  though  they  may  x)erhaps  be  made  with  advantage 
rather  narrow  in  one  direction  to  permit  of  using  smaller  bulks  of 
liquid. 

In  making  the  color  comparisons  the  box  is  best  held  close  to  a  win- 
dow, so  as  to  get  a  full,  strong  light.  The  condition  of  the  light  seems 
to  make  an  appreciable  difference  in  the  accuracy  of  the  comparisons, 
all  of  which  were  made  by  daylight. 

Accuracy  of  Results. 

-  Especially  for  comparatively  and  very  small  amounts  of  chromium 
the  method  gives  exact  results,  better  than  can  ordinarily  be  hoped  for 
from  any  gravimetric  method,  considering  the  fact  that  as  a  rule  other 
substances  are  present  which  it  is  extremely  difiQcult  to  remove 
completely. 

A  few  comparisons  between  colorimetric  and  gravimetric  determi- 
nations of  chromium  in  a  few  rocks  are  here  given  to  show  the  order  of 
agreement,  the  former  having  been  made  several  months  and  even 
years  after  the  latter: 


Gravimetric. 

C<^orimetrio. 

Peruni. 

Percent 

trace 

0.018 

0.05 

.051 

.14 

.12 

.06 

.083 

trace 

.013 

none 

.0086 

none 

.0067 
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The  oateome  was  somewhat  of  a  surprise,  for  it  was  scarcely  to  be 
expected  that  the  long  and  laborioas  gravimetric  separations  should 
have  resulted  so  well  as  they  are  shown  to  have  done.  It  should  be 
mentioned  that  for  the  gravimetric  tests  but  1  or  2  grams  at  most 
*  were  used,  which  accounts  for  the  reported  absence  of  chromium  in  two 
instances,  this  report  being  based  on  the  lack  of  color  in  the  aqueous 
extract  of  the  alkaline  fusion  after  removal  of  manganese. 

No  experiments  have  been  made  with  high  percentages,  but  the 
tables  give  with  certainty  the  degree  of  accuracy  even  then  attainable. 
Whether  the  chromic  oxide  to  be  estimated  is  0.1  per  cent  or  100  per 
cent,  the  percentage  result  is  the  same,  provided  the  dilution  is  alike 
in  each  case.  For  instance,  if  99.5  per  cent  is  found  in  a  total  solution 
of  100  cubic  centimeters  containing  0.01  gram  chromic  oxide,  the  same 
percentage  holds  if  the  total  volume  were  10  liters  holding  1  gram 
chromic  oxide. 

It  is  probably  inadvisable  to  increase  the  strength  of  the  standard 
much  above  that  of  No.  2  above,  containing  0.2  milligram  chromic 
oxide  in  form  of  potassium  chromate  to  the  cubic  centimeter. 

No  tests  have  been  made  with  other  alkaline  solutions  than  sodium 
carbonate,  in  order  to  ascertain  if  there  is  a  difference  in  the  color 
intensities  for  like  dilution,  nor  is  it  probably  important  to  do  so.    • 


TOLDHETRIG  ESTIMATION  OF  VANADIUM  IN  PRESENCE  OF  SMALL  AMOUNTS  OF 
CHROMIUM,  WITH  SPECIAL  REFERENCE  TO  THE  ANALYSIS  OF  ROCKS  AMD  ORES. 


By  W.  P.  HiLLBBBAND. 


Outline  and  Limitations  of  the  Method. 

When  chromium  and  vanadium  occur  top^ether  and  the  former  has 
been  estimated  colorimetrically  as  detailed  in  the  preceding  paper,  the 
vanadium  can  in  many  instances  be  at  once  estimated  without  sepa- 
rating from  the  chromium  by  the  well-known  method  of  titration  with 
potassium  permanganate  in  sulphuric  acid  solution  after  reduction  by 
sulphurous  acid  and  expulsion  of  all  excess  of  the  latter. 

The  application  of  the  method  is  subject  to  one  limitation — the  chro- 
mium must  not  be  present  above  a  certain  moderate  amount.  This 
limitation  is  due  to  the  considerable  amount  of  permanganate  required 
to  produce  a  clear  transition  tint  when  titrating  in  a  hot  solution,  as  is 
necessary  with  vanadium.  In  a  cold  solution  of  chromic  sulphate 
much  less  permanganate  is  needed  to  produce  the  peculiar  blackish 
tint  without  a  shade  of  green,  which  affords  a  sure  indication  of 
excess  of  permanganate,  but  in  a  hot  and  especially  a  boiling  solution 
the  oxidation  of  the  chromium  ^  itself  takes  place  so  rapidly  that  a 
very  large  excess  of  the  reagent  may  be  added  before  a  pronounced 
end-reaction  is  obtained.  Nevertheless,  as  will  be  shown,  quite  satis- 
factory determinations  of  as  little  as  1  or  2  milligrams  of  vanadium 
X)entoxide  can  be  made  in  presence  of  as  much  as  30  milligrams  of 
chromic  oxide. 

Inasmuch  as  chromium  is  almost  never  a  prominent  constituent  of 
the  clays,  coals,  iron  ores,  and  rocks  in  which  vanadiam  has  been  thus 
far  reported,  the  method  promises  to  be  of  great  advantage  in  rock 
and  ore  analysis,  where  these  elements  probably  frequently  occur 
together,  generally  with  phosphorus  and  sometimes  arsenic.  It  is  not 
directly  applicable  in  presence  of  molybdenum,  and  arsenic  must  first 
be  removed  by  hydrogen  sulphide  if  present. 

>Stox«r,  throagh  Gmeliii'Krant,  Vol.  II,  pt,  2,  p.  290. 
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TBSTINO  THE  METHOD. 

A  solatioQ  of  aodinm  vanadate  was  prepared  by  fasing  0.937  gram 
of  pore  vanadiam  pentoxide  with  sodium  carbonate  and  dilating  to  1 
liter.  Each  cubic  centimeter  contained  0.000937  gram  vanadiam  pen- 
toxide. Of  this,  safflcient  amounts  were  mixed  with  varjdng  volumes 
of  a  standard  solution  of  potassium  chromate.  After  in  some  cases 
determining  chromium  colorimetrically,  sulphuric  acid  was  added,  sul- 
phur dioxide  gas  ^  introduced  for  a  few  moments,  and  the  excess  of  the 
latter  expelled  by  boiling  in  a  rapid  current  of  carbon  dioxide,  without 
which  its  complete  expulsion  is  difficult.  When  cooled  to  from  700-80^ 
G.  the  titration  was  made  with  very  dilute  solution  of  permanganate 
corresponding  to  about  1  milligram  vanadium  pentoxide  to  the  cubic 
centimeter  as  calculated  from  its  equivalent  in  iron.  By  repeating  the 
reduction  and  boiling,  any  number  of  check  tests  can  be  rapidly  made 
in  the  same  solution.  The  solutions  ranged  in  bulk  from  50  to  200 
cubic  centimeters  according  to  the  amounts  of  chromium  added. 

With  the  larger  chromium  contents  the  difiTerences  iu  the  quantity  of 
permanganate  used,  according  as  titration  was  efiTected  at  practically 
boiling  temperature  or  a  somewhat  reduced  one,  were  very  apparent. 
In  one  case,  at  nearly  boiling  heat,  10  milligrams  of  chromic  oxide 
were  largely  oxidized  to  chromium  trioxide,  as  shown  by  the  change  of 
color  from  dark  green  to  yellow.  Even  at  70^-800  with  this  amount  of 
chromium  the  results  for  vanadium  will  be  too  high  unless  the  precau- 
tion is  taken  to  ascertain  the  needed  correction  by  adding  permanga- 
nate to  an  equal  bulk  of  hot  chromic  sulphate  solution  containing 
approximately  the  same  amount  of  chromium.  When  this  is  done, 
however,  the  results  are  satisfactory  even  when  as  much  as  30  milli- 
grams of  chromic  oxide  are  present  and  only  1  or  2  milligrams  of 
vanadium  pentoxide. 

The  following  tables  contain  the  results  of  a  considerably  number  of 
tests,  those  in  Table  II  being  tabulated  separately  in  order  to  show  the 
degree  of  accuracy  attainable  with  a  large  excess  of  chromium  by 
applying  the  correction  above  mentioned  and  also  the  amount  of  this 
correction. 

^Tbe  direct  use  of  a  eolntion  of  enlphnr  dioxide  or  of  an  alkaline  enlphite  is  inadmissible  unless 
these  have  been  fireehly  prepared,  since  after  a  lapse  of  time  they  contain  other  oxidisable  bodies 
than  Bulpharoos  add  or  a  enlphite.  The  snlphnr  dioxide  is  best  obtained  as  wanted  by  beating  a 
flask  eontaining  a  s<^ation  of  nilphnr  dioxide,  or  of  a  sulphite  to  whioh  snlphurio  aoid  has  been  added 
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Table  I. — Teat  deierminatian$  of  voiiadtiMi  in  pretence  of  okromium. 


Ko. 

Ghromio 
oxide. 

Vaiuidlam 
pentoxide. 

VAiuidinm 

pentoxide 

fonnd. 

Brror. 

MiUigramt. 

MiUiiframs. 

MiUigramt. 

MiUigramt. 

1 

1 

9.37 

9.22 

-0.15 

2 

1 

0.94 

1.04 

+  .10 

.98 

+  .04 

3 

1.5 

5.25 

5.49 
5.43 

+  .24 
+  .19 

4 

2 

5.62 

5.5 
5.5 

—  .12 

—  .12 

5 

3 

4.68 

4.78 
4.78 
4.83 

+  .10 
-f  .10 
+  .15 

6 

3 

5.62 

5.58 
5.58 

—  .04 

—  .04 

7 

3.5 

18.74 

18.89 
18.97 

+  .15 

+  .23 

.    8 

6 

5.6 

6.1 

+  .50 

9 

6 

4.68 

4.78 

+  .10 

10 

6 

5.62 

5.58 

—  .04 

11 

10 

5.62 

5.58 

—  .04 

12 

10 

23.52 

23.81 
23.71 

+  .29 
-f  .19 

13 

10 

46.  a5 

46.98 
47.20 

4-  .13 
+  .35 

14 

25 

23.52 

23.65 
23.75 

+  .13 
+  .23 

15 

87.5 

• 

23.52 

23.71 

+  .19 

1 
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Tabub  Ih—ApplioaUon  of  degree  of  oorrecUon  for  larger  amounU  of  chromium,  obtained 
bif  adding  poiaeeUm  permanganate  to  an  equal  hulk  of  eolution  containing  a  like 
awMunt  of  ohromio  eulphate. 


No. 

Chromic 
oxide. 

Yanadiam 
'    pentoxide. 

Vanadiam  pentoxido  found. 

Error. 

Volume 

of 
solation. 

Unoorrected. 

Corrected. 

Mgs. 

Mgi. 

Mg». 

Mg$. 

Mg. 

e.e. 

16 

20 

0.94 

1.59 

0.99 

4-0.05 

50-100 

17 

20 

1.87 

2.69 
2.39 
2.59 

2.09 
1.79 
1.99 

-f  .22 

.08 

+  .12 

50-100 

18 

20 

18.74 

19.4 

18.73 

—  .01 

50-100 

19.3 
19.3 

18.63 
18.63 

—  .11 

—  .11 

19 

30 

1.87 

2.99 
2.79 
2.79 
2.69 
2.69 

2.14 
1.94 
1.94 
1.84 
1.84 

4-  .27 
4-  .07 
4-  .07 
.03 
—  .03 

a  100 

20 

30 

1.87 

2.69 
2.89 
2.89 
2.79 

1.79 
2.09 
2.09 
1.89 

—  .08 
4-  .22 
4-  .22 
4-  .12 

200 

21 

62 

46.85 

1 

48.60 

47.60 

4-  .75 

200 

a  About. 

In  spite  of  the  fact  that  the  correction  in  most  of  the  trials  of  this 
last  table  represents  a  large  proportion  of  the  permanganate  nsed,  the 
results  most  be  considered  satisfactory  in  view  of  the  small  amount  of 
vanadiam  present,  and  they  show  that  the  method  in  competent  hands 
after  a  little  experience  affords  trustworthy  figures. 

Testing  the  Method  on  Books  and  Ores. 

The  following  table  shows  its  availability  for  rocks  and  ores.  Known 
amounts  of  both  chromium  and  vanadium  were  added  to  an  iron  ore 
and  to  a  silicate,  both  free  from  arsenic,  which  were  then  fused  with 
sodium  carbonate  and  nitrate  and  further  treated  as  follows:  After 
extracting  with  water  and  reducing  manganese  by  alcohol,  the  silica 
and  alumina  were  mostly  removed  by  nearly  neutralizing  with  nitric 
acid  and  evaporating  to  near  dryness.  The  washed  precipitate  was 
ignited  and  treated  with  hydrofluoric  and  sulphuric  acids,  the  residue 
fused  with  sodium  carbonate,  since  it  frequently  contains  a  littV> 
chromium,  and  again  nearly  neutralized,  etc.  To  the  combined  and 
slightly  alkaline  filtrates  was  added  mercnrous  nitrate,  the  precipitate  of 
phosphate,  vanadate,  chromate,  and  carbonate  was  ignited  in  platinum. 
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fosed  with  a  little  sodium  carbonate^  leached  with  water,  and  filtered 
into  a  small  graduated  flask.  After  colorimetric  determination  of  the 
chromium^  sulphuric  acid  was  added,  both  chromium  and  vanadium 
were  reduced  by  sulphur  dioxide  gas,  and  the  titration  carried  out  as 
described. 

Tablb  III.— Tm<  deUrminatian§  of  vanadium  added  to  rocks  and  ore$  in  pretence  of 

chromium. 


No. 

Chvomlo  oxide. 

pentoxide. 

Yanadiam  pentoxide. 

Fonnd. 

Error. 

Mfft. 

Uv% 

Mg: 

Mg. 

a22 

7 

6.76 

6.81 
6.48 
6.43 

-f0.05 

—  .28 

—  .33 

* 

6.37 

—  .37 

a23 

3 

3 

3.08 
3.13 
3.03 
3.08 

+  .08 
+  .13 
-f  .03 
+  .08 

(24 

1.6 

1.87 

1.86 
1.97 
2.07 
1.86 

—  .01 
-f  .10 
-f  .20 

—  .01 

a  Five  fpwm%  iron  ore. 


6  Two  gramn  silicate. 


These  and  other  experiments  show  that  by  taking  not  over  5  grams 
of  ore  or  rock,  vanadium,  if  present  to  the  extent  of  0.01  or  0.02  per 
cent,  can  be  readily  estimated  by  exercising  reasonable  care  in  all 
the  operations.  Absolute  confirmation  of  its  presence  can  be  easily 
obtained  by  evaporating  and  igniting  the  solution  to  remove  excess  of 
sulphuric  acid,  taking  up  with  a  few  drops  of  dilute  nitric  acid,  and 
adding  to  the  solution  in  a  test  tube  a  drop  or  two  of  hydrogen  per- 
oxide. In  this  way  positive  or  negative  assurance  as  to  the  presence 
of  vanadium  is  given  when  the  result  of  titration  alone  might  be 
uncertain.  Addition  of  ether  at  the  same  time  affords  a  simultaneous 
test  for  chromium  by  its  blue  color,  and  this  might,  perhaps,  be  made 
use  of,  if  necessary,  to  remove  all  or  the  greater  part  of  the  chromium 
prior  to  titration  of  the  vanadium,  since  the  oxidation  product  of  the 
latter  does  not  dissolve  in  the  ether. 

It  is  even  possible  that  the  dark-brown  color  produced  by  hydrogen 
peroxide  might  be  utilized  for  an  exact  colorimetric  method  for  esti- 
mating vanadium. 


DISTRIBUTION  AND  QDANTITATIVK  OCCIIRRENCE  OF  VANADIUM  AND  MOLYBDENUM 

IN  ROCKS  OF  THE  UNITED  STATES. 


By  W.  F.  HiLLEBBAND. 


Aside  from  its  well-known  mineral  combinations,  yanadium  has  long 
been  known  to  occur  in  magnetites  and  other  iron  ores.  Hayes  In  1875 
reported  its  occurrence  in  a  great  variety  of  rocks  and  ores.  Quoting 
from  Thorpe's  Dictionary  of  Chemistry:  "It  is  said  to  be  difEnsed 
with  titanium  through  all  primitive  granite  rocks  (Dieulafait)  and  has 
been  found  by  Deville  in  bauxite,  rutile,  and  many  other  minerals,  and 
by  Bechi  and  others  in  the  ashes  of  plants  and  in  argillaceous  lime- 
stones, schists,  and  sands  •  •  •  ."  it  is  further  reported  to  com- 
prise as  V2O5  0.02-0.07  per  cent  of  many  French  clays,  0.02-0.03  per 
cent  of  some  basalts,  0J24  per  cent  of  a  coal  of  unknown  origin  and  0.45 
per  cent  of  one  from  Peru,  amounting  to  38.5  per  cent  and  38  i>er  cent 
of  the  ash,  and  noted  respectively  by  Mourlot  and  Torrico  y  Meca. 
Doubtless  many  other  instances  of  its  occurrence  have  been  noted. 

Id  Table  I  following  is  shown  its  quantitative  occurrence  and  distribu- 
tion in  a  large  number  and  variety  of  igneous  rocks  of  the  United 
States  arranged  according  to  their  silica  contents;  and  in  Table  II  the 
same  data  are  given  for  a  few  of  the  component  minerals  separated 
from  some  of  these  rocks,  while  Table  III  shows  its  presence  in  meta- 
morphosed and  secondary  rocks  by  a  few  examples  of  roofing  slates  and 
schists  and  esi)ecially  by  two  composite  samples  representing  253  sand- 
stone and  498  building  limestones.  These  last  two  afford  positive 
proof  of  its  general  distribution  through  rocks  of  those  classes.  Inci- 
dentally some  information  has  been  acquired  as  to  molybdenum. 
Owing  to  lack  of  entire  certainty  as  to  its  condition  of  oxidation,  the 
vanadium  is  tabulated  in  terms  of  both  V2O5  and  V2O3,  a  point  which 
will  be  reverted  to  later  on.  With  very  few  exceptions  the  amount  of 
each  sample  taken  for  analysis  was  5  grams.  The  reagents  used  were 
carefully  tested  and  found  free  from  vanadium  and  molybdenum. 
Except  IJos.  38,  39,  47,  52,  and  53,  by  Dr.  H.  N.  Stokes,  all  determina- 
tions are  by  myself. 
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Table  I. — Igneou9  rocks. 


SiO,. 

V,0,prV,Oi. 

Kg. 

PeremU. 

percent. 

Percent. 

PercetU. 

38 

0.054 

0.045 

40 

.042 

.035 

41.5 

none 

none 

44 

.062 

.052 

none 

45 

.02 

.017 

a 

.048 

.04 

46 

.046 

.038 

none 

4e.5 

.038 

.027 

47 

05 

.042 

47 

a. 06 

A. 06 

47 

.024 

.02 

none 

48f 

.048 

.04 

48 

.02 

.017 

48 

.023 

.019 

48 

.038 

.032 

48 

.055 

.046 

none 

48.5 

.044 

.037 

49.5 

.064 

.045 

none 

49.5 

.034 

.028 

50 

.033 

.027 

50.5 

.04 

.083 

50.5 

.045 

.038 

51.5 

.10 

.083 

none 

52.5 

.048 

.04 

53 

.04 

.034 

none 

54 

.022 

.018 

54? 

.018 

.015 

tracef 

54.5 

.022 

.018 

tracef 

54.5 

.037 

.031 

none 

55 

.043 

.036 

none 

55.5 

.088 

.032 

55.5 

ib) 

(b) 

56 

trace 

trace 

56.5 

.046 

.038 

none 

57  ? 

.025 

.021 

traoef 

58 

.03 

.025 

none 

58.5 

.022 

.018 

none 

60 

.007 

.006 

none 

60 

.024 

.02 

trace 

60.5 

.02 

.017 

62.5 

.017 

.014 

63 

a.OU 

a.  01 

none 

64.5 

.004 

.003 

trace 

65.5 

tracef 

traoef 

65.5 

.013 

.011 

trace 

67 

.014 

.012 

trace 

60 

.009 

.008 

none 

69.5 

.006 

.004 

trace 

60.5 

traoef 

tracef 

70.5 

trace 

trace 

trace 

71 

.004 

.003 

ft.tr. 

71 

.021 

.017 

none 

71.5 

.016 

.018 

none 

71.5 

trace 

trace 

73 

none 

none 

73.5 

none 

none 

78.6 

none 

none 

No. 


u 


1 

2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
86 
37 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 
56 
57 


Name  and  locality  of  ocoorrenoe. 


Helilite-nepbeline>ba6alt,  Uvalde  County,  Tex. 

Nephelinite,  Uyalde  County,  Tex 

Sazonite,  Douglas  County,  Oreg 

Diorite,  Cecil  County,  Md 

Gabbro,  Adirondack  region,  N.  Y 

Plagioclase-baealt^  Uvalde  County,  Tex 

Ampbibole-gabbro,  Alpine  Coun^,  Cal 

Plagioolaae-gneiss,  Amador  County,  Cal 

Diorite,  Mitchell  County,  N.C 

Porphyry,  La  Plata  County,  Colo 

Ampbibole-gabbro,  Tuolumne  County,  Cal 

Orthoolase-bearing  basalt,  Uvalde  County,  Tex . . 

Orthodase-bearing basalt,  Uvalde  County,  Tex. . 

Norlte,  Cecil  County,  Md 

Gabbro,  Union  County,  Tenn 

Gabbro,  Douglas  Island,  Alaska 

Nepheline-basanite,  Colfax  County,  N.  Met 

Oil  vine-basalt,  Kruzof  Island,  Alaska 

Diabase,  Mount  Ascutney,  Vt 

Phonolite,  Cripple  Creek,  Colo 

Syenite-lamprophyre,  Prowers  County,  Colo 

Augite-andesite-porphyry,  Electric  Peak,  Wyo. 

Pyroxenic  gneiss,  Calaveras  County,  Cal 

Labradorite-porphyrite,  Michigamme  iron  dis- 
trict, Mich 

Pyroxenite,  Cecil  County,  Md 

Orendite,  Sweetwater  County,  Wyo 

Andesite,  El  Paso  County,  Colo 

Nephellne-syenite,  El  Paso  County,  Colo 

Diorite,  Butte  and  Plumas  counties,  Cal 

Qnartz-diorite,  Cecil  County,  Md 

Diorite,  La  Plata  County,  Colo 

Camptonite  f  Sun  Miguel  County,  Colo 

Phonolite,  Colfax  County,  N.  Mex 

Augite-bronzite-andesite,  Unga  Island,  Alaska. 

Andesite,  El  Paso  County,  Colo 

Spilosite,  Michigamme  iron  district,  Mich 

Hornblende-granite,  Cecil  County,  Md 

Latite,  Tintic  district,  Utah 

Monzonite,  Tintic  district,  Utah 

Diorite-porphyry  La  Plata  Mountains,  Colo 

Trachyte-andesite  tuff,  Tuolumne  County,  Cal . . . 

Diorite,  Douglas  Island,  Alaska 

Rhyolite,  San  Miguel  County,  Colo 

Syenite,  Mount  Ascutney,  Vt 

Quartz-mica-diorite,  Tuolumne  County,  Cal 

Quartz-moiizonite,  Calaveras  County,  Cal 

Rhyolite,  Tintic  district,  Utah 

Quartz-diorite,  Amador  County,  Cal 

Trachyte,  Highland  County,  Va 

Biotite-granite,  Amador  County,  Cal 

Rhyolite,  Crater  Lake,  Oreg 

Monzonite  (altered),  Tintic  district,  Utah 

Rhyolite  (quartz-porphyry),  Tintic  district,  Utah 

Rock  between  rhyolite  and  dacite,  Sutter  County, 
Cal 

Syenite-porphyry,  Mount  Ascutney,  Vt 

Granite-porphjn^,  Mount  Ascutney,  Vt 

Granite,  Union  County,  Tenn 


a  Approximate. 


6  Lost,  but  considerable. 


) 
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Tablb  lI,^Campcnmi  minerals  from  certain  of  the  above  igneou$  rook$. 


No. 


T 
11* 
21> 
23* 


45- 

46* 


Name  and  Mmroe. 


Ampbibolei^tn  7  . 
▲mpbibok  from  11 
Pyroxene  from  21. . 

Biotitefrom28 

Amphibole  from  29 

Biotlte  from  4S 

Biotitefrom46 


SJO.. 


Percent. 

(») 
46 

SI.  5 
36.5 
50 

(») 
86.5 


VA  =  V,0,. 


Percent. 
0.075 
.044 
.043 
.153 
.08 
.067 
.08 


Percent. 
0.062 
.037 
.086 
.127 
•  066 
.048 
.  066 


Mo. 


Percent. 
none 
none 

n<me 

none 


Table  III,— Miscellaneous. 


Name  and  locality  of  oocnrrence. 


Bpidotic  schist.  Mitchell  County,  N.  C , 

Qnartc-sohist,  Madera  Connty,  Cal 

Serpentine,Connecticat  Valley,  Mass 

Sea-green  roofing  slate,  Weat  Pawlet,  Vt 

Two  red  roofing  aiatos  (eqnal  parts).  Wash 

ington  County,  N.  Y 

253  sandstones 

408  boilding  limestones 


SiQt. 

v,o»= 

=v,o,. 

Mo. 

Percent. 

Percent. 

Percent. 

Percent. 

48 

0.057 

0.047 

79 

trace 

trace 

38.5 

none 

none 

68 

.017 

.017 

\      66 

}      .008 

.007 

78.5 

.008 

.003 

14 

.004 

.004 

Of  the  igneous  rocks  specimens  were  so  selected  as  to  represent  not 
only  many  widely  separated  localities,  but  also  numeroas  varieties 
from  the  least  siliceous  up  to  those  high  in  silica,  in  order  to  ascertain 
whether  a  preconceived  opinion  that  the  vanadium  accompanied  chiefly 
the  less  siliceous  rocks  was  well  founded  or  not.  The  choice  was, 
however,  confined  largely  to  those  rocks  analyzed  in  this  laboratory, 
within  the  past  three  or  four  years  of  which  a  supply  of  x)owder 
remained  after  the  original  analyses  had  been  completed,  and  hence 
the  list  is  perhaps  not  fully  representative.  Nevertheless  it  permits  of 
drawing  certain  conclusions,  the  chief  of  which  is  that  the  vanadium 
predominates  in  the  less  siliceous  igneous  rocks  and  is  absent,  or 
nearly  so,  in  those  high  in  silica.  The  inference,  based  on  the  exist- 
ence of  the  mineral  roscoelite,  classed  as  a  vanadium  mica,  at  once 
suggests  itself,  that  the  ultimate  source  of  the  vanadium  may  be  one 
or  more  of  the  heavier  silicates  such  as  the  biotites,  pyroxenes,  and 
amphiboles,  and  a  few  tests  on  all  the  -available  mineral  separation 
prodncts  lend  strong  support  to  this  view.  For  instance,  the  amphi- 
bole-gabbros  7  and  11  show  0.038  per  cent  and  0.02  per  cent  Y^Od, 
while  the  amphiboles  7"  and  11"  separated  from  them  give  0.062  per 
cent  and  0.037  per  cent;  the  pyroxenic  gneiss  23  shows  0.083  per  cent 
against  0.127  from  its  contained  biotlte  23»;  the  diorite  29  with  0.031 
per  cent  contains  an  amphibole  29*  with  0.066  per  cent;  firom  0.011  per 
cent  in  the  quartz-mica-diorite  45  and  0.012  per  cent  in  the  quaitx.- 
monzonite  46  the  percentages  rise  to  0»048  and  0.066  in  their  aep«ixa\^ 
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biotites  45*  and  46*.  The  pyroxene  21*  shows,  however,  practically 
the  same  amount  as  its  mother  rock,  the  syeuite-lamprophyre  21. 

In  most  of  these  cases,  notably  the  last  one,  the  vanadium  in  the 
separated  mineral  is  not  sufficiently  in  excess  of  that  in  the  rock  firom 
which  it  was  taken  to  account  for  all  of  that  found  in  the  latter.  Hence, 
if  the  determinations  are  correct  it  must  also  be  a  constituent  of  some 
other  mineral  than  the  one  analyzed.  In  roscoelite  the  trivalent  con- 
dition of  vanadium  corresponding  to  the  oxide  V203  is  now  recognized 
as  probable,  although  Boscoe's  analysis  reports  VsOs  and  Genth's  an 
oxide  intermediate  between  ¥203  and  V305.  This  assumption  seems  to 
be  necessary  if  the  mineral  is  to  be  regarded  as  a  mica,  and  it  is  then 
doubtless  the  equivalent  of  trivalent  iron  or  aluminum.  It  would  then 
be  natural  to  look  for  it  in  the  aluminous  or  ferric  silicates  of  igneous 
rocks,  certain  biotites,  pyroxenes,  and  hornblendes,  and  its  absence  in 
such  minerals  as  serpentine  and  chrysolite,  as  shown  by  analyses  3  add 
60,  appears  natural  enough. 

Few  and  inconclusive  as  the  above  comparisons  are,  they  seem  to 
favor  strongly  this  view  as  to  the  source  of  the  vanadium,  and  in  a 
measure  are  confirmatory  of  the  observation  of  Hayes  (Proc.  Am.  Acad. 
Arts  Sci.,  Vol.  X,  1875,  p.  294),  who  rather  indefinitely  associates  it  with 
phosphorus  and  proto-salts  of  iron  and  manganese,  which  are  usually 
more  prominent  components  of  basic  than  of  acid  rocks. 

We  are  probably  justified  by  the  evidence  in  tabulating  the  vana- 
dium as  VsOa  in  analyses  of  igneons  and  some  metamorphic  rocks  which 
have  undergone  little  or  no  oxidation,  but  with  sandstones,  clays,  lime- 
stones, etc.,  which  are  of  more  or  less  decided  secondary  origin,  this  is 
probably  not  the  case.  The  probabilities  are  there  largely  in  favor  of 
its  acid  character  and  the  existence  of  varioas  vanadates  of  calcium, 
iron,  aluminum,  etc.,  in  which  case  it  should  appear  in  analytical  tables 
asV,0».' 


1  In  the  regnlur  course  of  amdyBis  TUiadiam  will  be  weighed  with  alumina,  iron,  titaDinm,  etc., 
since  it  is  precipitated  by  both  ammonia  and  sodium  acetate  in  presence  of  those  and  other  metals, 
hence  the  alumina  percentages  in  nearly  all  rock  analyses  heretofore  made  are  subject  to  oorreotioii 
for  the  vanadium  the  rock  may  have  held.  This  correction  is  of  course  to  be  made  in  terms  of  V^O^ 
and  not  of  VjOi. 

All  determinations  of  iron  are  likewise  sfTeoted  by  its  presence,  whether  as  V,Os  or  V^.  As  Yfi^ 
it  will  make  the  FeO  appear  too  high  in  the  proportion  V,Ot :  4FeO,  or  150.8:288,  an  error  which 
becomes  appreciable  in  some  of  the  basic  rocks  and  amounts  to  0.25  per  cent  in  the  biotite  28*.  As 
VsO|  the  FeO  will  not  be  affected,  but  in  either  condition  the  FOfOt  will  need  correction  and  to  a 
different  extent,  according  as  the  titration  of  iron  is  made  after  reduction  by  hydrogen  sulphide  or  by 
hydrogen.  If  the  former  is  used,  as  should  always  be  the  case  in  presence  of  titanium,  the  vanadium 
is  reduced  by  it  to  V9O4,  which  in  its  action  on  permanganate  is  equivalent  to  2  molecules  of  FeO 
^presenting  1  of  FejOi,  or  only  one-half  an  great  as  the  influence  on  the  FeO  titration  of  the  same 
vanadium  as  V,0|.    An  erarople  will  make  this  clear: 

Found  2.50  per  cent  apparent  FeO  in  a  rock  containing  0.13  per  cent  V,Os. 

Deduct  0.25  per  cent  FeO,  equivalent  in  its  action  on  KMn04  to  0.13  per  cent  VsQ,. 

Leaving  2.25  per  cent  FeO  corrected. 

Found  5  per  cent  apparent  total  iron  as  FcsOi  in  the  same  rock. 

Deduct  O.li  per  cent  Fe^Oi,  corresponding  to  0.18  per  cent  VjOf. 

Leaving  4.86  per  cent  corrected  total  iron  as  Fe^Oi. 

Deduct  2.50  per  cent  Fe,Oa,  equivalent  to  2.25  per  cent  FeO. 

Leaving  2.36  per  cent  Fe,Os  in  the  rock. 

Failure  to  correct  for  the  vanadium  in  both  cases  would  have  made  the  figures  for  FeO  and  FesQg, 
jvmpectfveJjr,  2.b0  and  2.22  instead  of  2.25  and  2.36  as  shown  above. 
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It  was  not  until  the  greater  part  of  the  above  tests  had  been  finished 
ttiat  any  careful  attempt  was  made  to  identify  molybdenum  as  well  as 
vanadium.  From  the  evidence  gathered  during  the  latter  part  of  the 
work  it  would  seem  that  molybdenum,  when  it  does  occur,  is  a  much 
less  important  constituent  quantitatively  than  vanadium,  and  that 
unlike  the  latter  it  accompanies  the  more  acid  rocks.  Molybdenite  is 
a  well-known  accessory  constituent  of  some  granites,  etc.,  but  in  the 
above  instances  its  amount  was  extremely  small  and  no  hint  was 
obtained  as  to  its  state  of  combination. 

Ohbmioal  Method  Employed. 

In  conclusion  it  is  proper  to  outline  the  method  by  which  the  fore- 
going tests  were  carried  oat,  and  to  indicate  the  precautions  that  must 
be  observed  in  order  to  insure  good  results. 

Quite  a  number  of  workers  have  busied  themselves  with  the  problem 
of  vanadium  estimation  in  ores  and  rocks,  particularly  magnetites  and 
other  iron  ores,  and  the  methods  used  have  been  often  diverse  in  parts 
if  not  altogether.  There  is  nothing  absolutely  novel  in  the  following 
except  that  chromium  and  vanadium  when  together  need  not  be  sepa- 
rated, but  are  determined,  the  former  colorimetrically,  the  latter  volu- 
metrically,  in  the  same  solution  as  detailed  elsewhere  (p.  44). 

Five  grams  of  the  rock  are  thoroughly  fused  over  the  blast  with 
20  of  sodium  carbonate  and  3  of  sodium  nitrate.  After  extracting 
with  water  and  reducing  manganese  with  alcohol  it  is  probably  quite 
unnecessary,  if  the  fusion  has  been  thorough,  to  remelt  the  residue  as 
above,  though  for  magnetites  and  other  ores  containing  larger  amounts 
of  vanadium  than  any  of  these  rocks,  this  may  be  necessary,  as  Edo 
Olaassen  has  shown.'  The  aqueous  extract  is  next  nearly  neutralized 
by  nitric  acid,  the  amount  to  be  used  having  been  conveniently  ascer- 
tained by  a  blank  test  with  exactly  20  grams  of  sodium  carbonate,  etc., 
and  the  solution  is  evaporated  to  approximate  dryness.  Care  should 
be  taken  to  avoid  overrunning  neutrality  because  of  the  reducing 
action  of  the  nitrous  acid  set  free  from  the  nitrite,  but  when  chromium 
is  present  it  has  been  my  experience  that  some  of  this  will  invariably 
be  retained  by  the  precipitated  silica  and  alumina,  though  only  in  one 
case  have  I  observed  a  retention  of  vanadium,  it  being  then  large.  The 
use  of  ammonium  nitrate  instead  of  nitric  acid  for  converting  the 
sodium  carbonate  into  nitrate  did  not  seem  to  lessen  the  amount  of 
chromium  retained  by  the  silica  and  alumina. 

As  a  precautionary  measure,  therefore,  and  always  when  chromiam 
was  to  be  estimated  also,  the  silica  and  alumina  precipitate  was  evapo- 
rated with  hydrofluoric  and  sulphuric  acids,  the  residue  fused  with  a 
little  sodium  carbonate  and  the  aqueous  extract  again  nearly  neutral- 

I  Am.  Ghem.  Joar..  Vol  Vm,  p.  487. 
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ized  with  nitric  acid  and  boiled  for  a  few  moments,  the  filtrate  being 
added  to  the  main  one. 

Mercarous  nitrate  was  now  added  to  the  alkaline  solution  in  some 
quantity  so  as  to  obtain  a  precipitate  of  considerable  balk  containing 
chromiara,  vanadiam,  molybdennm,  tangsten,  phosphoms,  and  arsenic, 
should  all  happen  to  be  in  the  rock,  and  also  an  excess  of  mercnroas 
carbonate  to  take  up  any  acidity  resulting  from  the  decomposition  of 
the  mercarous  nitrate.  Precipitating  in  a  slightly  alkaline  instead  of 
a  neutral  solution  renders  the  addition  of  precipitated  mercuric  oxide 
unnecessary  for  correcting  this  acidity.  If  the  alkalinity,  as  shown  by 
the  formation  of  an  unduly  large  precipitate,  should  have  been  too 
great,  it  may  be  redaced  by  careful  addition  of  nitric  acid  until  an 
added  drop  of  mercurous  nitrate  no  longer  produces  a  cloud. 

After  heating  and  filtering,  the  precipitate  is  ignited  in  a  platinum 
crucible  after  drying  and  removing  from  the  paper  to  obviate  any 
chance  of  loss  of  molybdenum  and  of  ii^jury  to  the  cracible  by  reduc- 
tion of  phosphorus  or  arsenic.  The  residue  is  fused  with  a  very  little 
sodium  carbonate,  leached  with  water,  and  the  solution,  if  colored 
yellow,  filtered  into  a  graduated  flask  of  25  cubic  centimeters  or  more 
capacity.  The  chromium  is  then  estimated  accurately  in  a  few  minutes 
by  comparing  with  a  standard  alkaline  solution  of  potassium  monochro- 
mate  (p.  37).  Then,  or  earlier  in  absence  of  chromium,  sulphuric  acid 
is  added  in  slight  excess  and  molybdenum  and  arsenic  together  with 
occasional  traces  of  platinum  are  precipitated  by  hydrogen  sulphide, 
preferably  in  a  small  pressare  bottle.^  If  the  color  of  the  precipitate 
indicates  absence  of  arsenic,  the  filter  with  its  contents  is  carefully 
ignited  in  porcelain  and  the  delicate  sulphuric  acid  test  for  molyb- 
denum is  applied. 

The  filtrate,  in  bulk  from  25  to  100  cubic  centimeters,  is  boiled  in  a 
current  of  carbon  xlioxide  to  expel  hydrogen  sulphide,  and  titrated  at  a 
temperature  of  70-80^  0.  with  a  very  dilute  solution  of  permanganate 
representing  about  one  milligram  of  y205  per  cubic  centimeter  as  cal- 
culated from  the  iron  strength  of  the  permanganate,  one  molecule  of 
Y2O5  being  indicated  for  each  one  of  FeiOa.  One  or  two  checks  are 
always  to  be  made  by  reducing  again  in  a  current  of  sulphur  dioxide  gas, 
boiling  this  out  in  a  current  of  carbon  dioxide  again,  and  repeating  the 
titration. 

As  shown  in  a  previous  paper  (p.  45),  the  presence  of  even  thirty  times 
as  much  Gr^Oa  as  VzOs  does  not  prevent  a  satisfactory  determination  of 
the  vanadium  if  the  precautions  therein  given  are  observed,  provided 
there  is  present  not  less  than  one-half  to  1  milligram  of  Y^Os  in  absolute 
amount.  In  absence  of  chromium  less  than  half  a  milligram  can  be  read- 
ily estimated.  The  phosphoric  acid  almost  invariably  present  does  not 
affect  the  result. 

I  From  a  snlphnrio  solution  the  separation  of  molybdenum  by  hydrogen  sulphide  is  much  more 
rapid  and  satislisotory  than  from  a  hydroohloric  solution. 
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In  case  the  volume  of  permanganate  used  is  so  small  as  to  make 
doabtfnl  the  presence  of  vanadinm,  it  is  necessary  to  apply  a  qualitative 
test  which  is  best  made  as  follows :  The  solution  is  evaporated  and  heated 
to  expel  excess  of  sulphuric  acid,  the  residue  is  taken  up  with  2  or 
3  cubic  centimeters  of  water  and  a  drop  or  two  of  dilute  nitric  acid, 
and  a  couple  of  drops  of  hydrogen  peroxide  are  added.  A  characteristic 
brownish  tint  indicates  vanadium.  Unless  the  greater  part  of  the  free 
sulphuric  acid  has  been  removed  the  appearance  of  this  color  is  some- 
times not  immediate  aud  prouounced,  hence  the  above  precaution. 

The  above  is  a  surer  test  to  apply  than  the  following :  Beduce  the  bulk 
to  about  10  cubic  centimeters,  add  ammonia  in  excess  aud  introduce 
hydrogen  sulphide  to  saturation.  The  beautiful  cherry-red  color  of 
vanadium  in  ammonium  sulphide  solution  is  much  more  intense  than 
that  caused  by  hydrogen  peroxide  in  acid  solution,  but  the  action  of 
ammonia  is  to  precipitate  part  or  all  of  the  vanadium  with  the  chromium 
or  aluminum  that  may  be  present  or  with  the  manganese  used  in  titrat- 
ing, and  ammonium  sulphide  is  unable  to  extract  the  vanadium  wholly 
firom  these  combinations.  Usually,  however,  the  solution  will  show 
some  coloration,  and  addition  of  an  acid  precipitates  brown  vanadium 
sulphide,  which  can  be  collected,  ignited,  and  further  tested  if  desired. 

Summary  of  Results. 

Vanadium  occurs  in  quite  appreciable  amounts  in  the  more  basic 
igneous  and  metamorphic  rocks,  up  to  0.08  per  cent  or  more  of  V2O3, 
but  seems  to  be  absent  or  nearly  so  from  the  highly  siliceous  ones. 
The  limited  evidence  thus  far  obtained  points  to  the  heavy  ferric- 
aluminous  silicates  as  its  source — the  biotites,  pyroxenes,  amphiboles. 
As  opportunities  offer  further  evidence  will  be  accumulated  and  it  is 
hoped  that  other  chemists  will  lend  their  aid. 

Limestones  and  sandstones  appear  to  contain  very  small  amounts  of 
vanadium,  as  shown  by  analyses  of  a  comx)osite  sample  of  each,  aggre- 
gating over  700  different  occurrences. 

From  the  few  tests  of  molybdenum  it  appears  as  if  this  element  were 
confined  to  the  more  siliceous  rocks.  It  is  present  in  no  observed  case 
in  amount  sufQcient  for  quantitative  measurement  when  operating  on 
5  grams  of  material. 

Note. — Since  the  above  was  written  a  few  tests  have  been  made  on 
minerals  of  which  powdered  samples  were  at  hand.  A  phlogopite  from 
Burgess,  Canada,  gave  0.007  per  cent  Y2O3.  Mica  from  Laurel  Ilill, 
Georgia,  gave  0.026  per  cent  V3O3.  Protovermiculite  from  Magnet 
Gove,  Arkansas,  gave  0.04  per  cent  Y30>  Hallite  from  Chester 
Gaunty,  Pennsylvania,  gave  0.01  per  cent  V3O3.  Jeffersonite  from 
Franklin  Furnace,  New  Jersey,  gave  none,  and  a  nonferruginous  amphi- 
bole  from  St.  Lawrence  County,  New  York,  gave  a  faint  trace. 


WARNING  AfiAINST  THE  USE  OF  FLUOWFEROUS  HTDROfiEN  PEROXIDE  IN 

ESTIMATING  TITANIUM. 


By  W.  F.  HlLLEBBANB. 

Dunnington^  has  pointed  oat  a  source  of  error  to  be  guarded  against 
in  estimating  titanium  in  rocks  and  minerals  by  Weller's  method,  due, 
as  he  believes,  to  the  partial  reversion,  in  certain  cases,  of  ordinary 
titanic  to  meta-titanic  acid,  which  does  not  afford  a  yellow  color  with 
hydrogen  peroxide.  It  remains  for  me  to  indicate  another  source  of 
error  in  the  possible  presence  of  fluorine  in  the  hydrogen  peroxide. 

For  two  years  the  colorimetric  method  has  given  reasonable  satis- 
faction in  this  laboratory,  but  recently  a  new  lot  of  hydrogen  peroxide 
was  purchased  of  a  different  brand  from  that  hitherto  used,  and  after 
a  time  it  was  noticed  that  the  results  obt-ained  were  in  some  instances 
far  too  high,  and  that  no  two  determinations  agreed. 

It  is  known  that  hydrogen  peroxide  does  not  produce  a  yellow  color 
in  titanium  solutions  carrying  hydrofluoric  acid  or  fluorides,  and  more- 
over the  addition  of  even  a  drop  of  the  dilute  acid  to  an  already 
peroxidized  titanium  solution  weakens  the  color.  For  this  reason  it  is 
necessary  to  take  the  greatest  care  to  insure  the  complete  expulsion  of 
all  fluorine  when  dissolving  rocks  or  minerals  by  means  of  hydrofluoric 
and  sulphuric  acids  prior  to  the  colorimetric  estimation.  A  drop  of 
bydrofluosilicic  acid  acts  similarly,  but  the  latter  reagent  can  not  be 
made  to  completely  discharge  the  color  even  if  added  in  great  excess. 

This,  however,  was  not  suspected  as  the  cause  of  our  trouble  until, 
on  referring  to  the  circular  of  one  of  the  leading  makers  of  hydrogen 
peroxide  in  this  country,  whose  product  has  always  given  satisfactory 
results  in  titanium  work,  it  was  found  that  among  the  various  acids 
enumerated  as  usually  to  be  found  in  the  commercial  article,  hydrofluroic 
acid  appears.  Talbot  and  Moody,  in  the  Technology  Quarterly,  v.  123, 
mention  bydrofluosilicic  acid  as  of  frequent  occurrence  in  the  peroxide 
manufactured  a  few  years  ago.  On  examining  the  suspected  peroxide 
by  neutralizing  with  fixed  alkali,  evaporating  to  dryness,  and  heating 
with  strong  sulphuric  acid,  fluorine  was  detected  by  the  odor  of  the 
acid  evolved  and  by  it-s  action  on  glass. 

It  is  therefore  imperative  to  use  only  hydrogen  peroxide  which  is  free 
from  fluorine  in  estimating  titanium,  for  its  presence  may  utterly  vitiate 
the  results,  even  if  only  2  or  3  cubic  centimeters  of  the  peroxide  are 
employed. 


^JouT.  Am.  Chem.  Soc.,  Vol.  XIII,  p.  210. 
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MINERALOGICAL  NOTES. 


By  W.  F.  HiLLBBBAND. 


1.  Oalavebitb  fbom  Obipplb  Cbbbk,  Golobado. 

The  occurrence  of  tellarium  in  the  ores  of  the  mining  district  of 
Cripple  Creek,  Colorado,  has  been  known  from  an  early  di»y  in  the  as 
yet  brief  industrial  liistory  of  that  region.  That  it  was,  in  part  at 
least,  associated  with  gold  was  likewise  known  from  the  observance 
of  a  crystallized  gold-tellnriam  mineral.  Although  the  ores  of  the 
district  are  chiefly  gold  carriers,  tbey  contain  also  a  little  silver,  and 
since  recognized  silver  minerals  had  not  been  observed,  or  at  most  only 
in  minute  amount,  it  seemed  probable  that  the  silver  was  associated 
with  the  gold  in  the  tellurium  compound.  Indeed,  Mr.  B.  Pearce,  of 
Denver,  came  to  the  conclusion,  from  analyses  of  oxidized  and  unoxi- 
dized  ores,'  that  this  mineral  was  sylvanite,  and  he  says:  '^Sylvanite 
itself  appeared  in  little  silver  white  specks  disseminated  through  a 
mass  of  greenish  rhyolite."  Notwithstanding  that  F.  C.  Knight^  has 
identified  calaverite  by  analysis  and  that  sylvanite  has  not  been  identi- 
fied by  positive  chemical  and  crystallographical  tests,  the  evidence  of 
Mr.  Pearce  as  to  its  presence,  in  some  portions  of  the  district  at  least, 
is  entitled  to  consideration. 

The  telluride  examined  by  me  was  collected  by  B.  A.  F.  Penrose,  jr., 
who  procured  his  material  from  three  different  mines  in  order  to  ascer- 
tain whether  it  was  of  constant  or  varying  composition,  or,  in  fact, 
whether  there  might  not  be  more  than  one  specific  compound.  That 
the  composition  does  vary  within  narrow  limits  the  analyses  show;  but 
there  is  no  reason  apparent  for  assuming  the  existence  of  more  than 
one  species  in  the  ores  of  these  particular  mines. 

The  material  from  the  Prince  Albert  mine,  the  first  received,  was 
with  little  trouble  brought  into  an  almost  ideal  condition  of  purity.  It 
was  in  part  apparently  fairly  well  crystallized,  but  the  measurements 
made  by  Prof.  S.  L.  Penfield,  of  New  Haven,  are  unfortunately  not 
decisive  as  to  the  system  of  crystallization,  as  shown  by  his  notes  at 
the  close  of  this  paper.  The  specific  gravity  of  this  material  was  8.91 
at  24^  O.,  which  becomes  9  when  corrected  for  a  small  admixture  of 
silioo-ferruginous  gangue  of  assumed  specific  gravity  2.70  (probably 

>  Ptoo.  Colorado  Soi.  Soo.,  Vol.  V,  1894,  pp.  5, 11.  'Ibid.,  Vol.V,  1894,  p.  10. 
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low).  The  other  samples  were  imperfectly  crystallized  and  held  too 
mach  foreign  matter  of  ancertain  composition  to  make  specific  gravity 
determinations  of  any  value. 


Tellurium  (Te) 

Qold(Au) 

Silver  (Ag) 

Insoluble 

Ferric  oxide  (FeaOs) 

Iron(Fe) 

Sulphur  (8) 

Manganese  (Mn) 

Calcium  (Ca) 

Magnesium  (Mg) 

Oxygen,   fluorine,   and  soluble 
silica  by  difference 


LPrinoA 
Albert  mine. 


57.37 

38.95 

3.21 

.33 

a. 12 


99.88 


II.  Baven 
mine. 


47.69 

33.93 

1.47 

5.80 


5.41 
6  6.17 


100.47 


III.  CO.  D. mine. 


53.89 
39.31 


.91 


1.67 

1. 58  (2. 96  FeSa) 

0.23 

.51 

.10 

d.95 


100.00 


a  This  was  inolnded  with  the  insoluble  matter  in  arriving  at  the  corrected  density. 
b  Calculated  from  the  Fe  to  make  FeS^. 
cAsMnOsf 

d  A  part  of  the  calcium  found  in  solution  was  derived  from  fluorite,  which  likewise  conati* 
tnted  some  of  the  insoluble  matter  in  this  instance. 

Seleniam  has  been  reported  in  the  oxidized  ores  of  the  district/  but 
it  could  not  be  detected  in  the  amount  of  mineral  taken  for  the  above 
analyses. 

Excluding  everything  but  gold,  silver,  and  tellurium  and  recalculat- 
ing to  100,  the  following  comparison  is  obtained : 


I. 

II. 

TIT. 

Per  cent. 

57.60 
39.17 

Ratio. 

Per  cent. 

Ratio. 

Per  cent. 

Ratio. 

Te 

2.01 
j      1.00 

57.40 

40.83 

1.77 

2.05 
j      1.00 

57.30 

41.80 

.90 

2.09 
1      1.00 

An 

Ag 

3.23 

100.00 

100.00 

100.00 

The  ratio  here  obtaining  is  that  for  sylvanite  and  calaverite,  but  the 
very  low  percentage  of  silver  shows  that  the  mineral  is  calaverite. 
Indeed  the  first  analysis  agrees  almost  exactly  with  Genth's  analyses 


>  F.  C.  Knight,  Proc  Colorado  SoL  Soo.,  VoL  V,  18M,  p.  e8. 
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of  the  8i)ecies.  Interesting  is  the  slight  variation  in  the  ratio  between 
gold  and  silver,  and  the  very  low  percentage  of  silver  in  the  mineral 
from  the  0.  O.  D.  and  Baven  mines.  Oalaverite,  the  lowest  silver 
carrier  of  the  gold-silver  tellnrides,  has  not  heretofore  been  known  to 
carry  less  than  3  per  cent  of  silver. 

The  pyrognostic  characteristics  of  the  mineral  from  the  Prince 
Albert  mine  were  essentially  those  ascribed  to  calaverite.  In  the  closed 
tnbe  it  fhses,  giving  a  white  coating  near  the  assay,  and  a  globular 
gray  coating  just  above,  which  latter  by  strong  heat  can  be  in  part 
driven  higher  up,  leaving  the  glass  covered  with  the  same  white  fused 
coating  as  lower  down.  This  latter  is  yellow  while  hot.  On  charcoal 
the  mineral  fuses  with  a  green  flame,  giving  a  white  coating  and 
similar  fumes,  and  leaving  a  yellow  bead.  The  color  is  pale  bronze- 
yellow,  in  powder  greenish  gray.  The  hardness  is  not  less  than  and 
perhaps  a  little  over  3.    Specific  gravity,  as  given  above,  9. 

The  identity  of  the  telluride  occurring  at  Cripple  Greek,  which  in 
oxidizing  gives  free  gold  and  oxidized  tellurium  compounds,^  seems  thus 
satisfactorily  established,  but  unless  there  is  another  richer  in  silver, 
as  believed  by  Pearce,  the  mode  of  occurrence  of  the  silver  in  some  of 
the  ores  is  still  in  large  part  unaccounted  for.  It  may  be  derived  from 
a  very  rich  argentiferous  tetrahednte  of  which  Professor  Penrose  sub 
mitted  a  small  specimen  for  identification.  This  carries  over  II  per 
cent  of  silver,  but  is  said  to  be  excessively  scarce  and  therefore  hardly 
to  be  considered  in  this  connection,  unless  indeed  this  should  have 
been  the  original  source  of  most  of  the  silver  and  later  have  suffered 
oxidation  to  a  great  extent  whereby  the  silver  has  become  more  evenly 
distributed  throughout  the  ore. 

Professor  Penfield  has  kindly  contributed  the  following  notes  on  the 
crystallography  of  the  mineral: 

The  crystals  of  calaverite  which  were  examined  were  developed  with  prismatic 
habit,  but  the  prismatic  zone  was  striated  to  snch  an  extent  that  it  was  impossible 
to  identify  a  single  face  in  the  zone,  and  on  the  reflecting  goniometer  almost  an 
anbToken  band  of  signals  was  obtained  in  a  revolution  of  360^.  Owing  to  oscilla- 
tory combinations  the  crystals  were  also  much  distorted,  so  that  they  did  not  present 
regular  cross  sections. 

The  prisms  were  attached  so  that  doubly  terminated  ones  were  not  observed, 
while  the  faces  at  the  free  end  were  small  and  developed  with  so  little  symmetry 
that  after  a  study  of  a  number  of  crystals  it  was  found  impossible  to  determine  with 
certainty  the  system  of  crystallization. 

The  crystals  do  not  exhibit  the  perfect  cleavage  ascribed  to  sylvanite  and  kren- 
nerite,  but  are  similar  to  the  former  in  some  of  their  angles.  When  placed  in 
position  to  show  their  relation  to  sylvanite  they  have  their  prismatic  development 
parallel  to  the  b  axis.  One  crystal,  which  owing  to  its  development  was  more  care- 
fuUy  measured  than  any  of  the  others,  was  apparently  a  twin  about  101,  and  showed 

■From  tests  made  by  myaelf  on  a  nnmber  of  speoimens  collected  by  Profeseor  Penrose  the  combina- 
tion  aeema  to  be  chiefly  if  not  altogether  with  iron,  but  whether  as  tellurite  or  tellurate  could  not  be 
aacertained.  Knight  (loc.  oit.,  p.  09),  however,  has  shown  that  the  combination,  in  some  oases  at 
least,  is  a  teaurite,  approximating  to  the  formula  2(Fe|0B,  2Te0k)+H^. 
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at  the  end  the  foims  111  and  110.    The  measnrements  compared  with  the  correspond- 
ing ones  of  sylvanite  are  as  follows: 

SylTsnite. 

lllAdll)  over  twinning  plane 93°  35'  94^  SC 

IIOA(IIO)  over  twinning  plane 35     2  34   43 

UOAlll 36   36  87     8 

llOAUl  in  twin  crystal 36   33  87     8 

Other  forms  which  were  measured  conld  not  be  referred  to  the  sylvanite  axes,  and 
it  seems  probable  from  their  development  and  lack  of  symmetry  that  the  crystals 
are  triclinic;  bnt  no  satisfaction  was  obtained  after  a  long  and  careful  stndy  of  the 
limited  snpply  of  material  on  hand. 

In  conclusion  therefore  it  may  be  stated  that  the  crystals  are  probably  triclinic, 
but  near  sylvanite  in  angles  and  axial  ratio. 

NoTK — Since  the  foregoing  work  was  completed  additional  analy- 
ses of  Oripple  Creek  tellarides  have  been  made  by  Profs.  A.  H. 
Chester^  and  W.  H.  Hobbs.'  From  the  crystallographic  data  they 
were  able  to  obtain  it  would  appear  that  neither  of  the  minerals  exam- 
ined by  them  can  be  identical  with  calaverite,  though  both  possess 
the  same  general  formula  MTcj,  in  which,  however,  the  ratio  of  gold 
to  silver  was  not  at  all  alike.  The  analysis  of  that  one,  which  by  its 
crystallographic  features  was  identified  as  kreunerite,  has  even  less 
silver  than  the  specimens  of  calaverite  from  the  G.  O.  D.  mine,  while 
goldsehmidtite,  showing  crystallographic  relations  with  sylvanite,  con- 
tains 8.95  per  cent  Ag  to  only  31.41  per  cent  Au,  thus  supiK>rting,  in  a 
measure,  Mr.  Pearce's  belief  in  the  existence  at  Cripple  Greek  of  a 
telluride  much  richer  in  silver  than  calaverite. 

2.  TBIiLUBIDES  FROM  CALIFORNIA. 

In  a  suite  of  tellurides  ft^m  the  Mother  Lode  region  in  Oalifomia, 
collected  by  Mr.  F.  L.  Ransome,  of  the  United  States  Geological  Sur- 
vey, I  have  been  able  to  identify  a  nickel  telluride  ( melonite  f ),  a  mercury 
telluride  (coloradoitef),  besides  petzite  and  hessite. 

MRLONITSf. 

Several  specimens  from  the  old  Stanislaus  mine,^  the  original  source 
of  Genth's  melonite^  (NitTcaf),  but  now  included  with  the  Melones  and 

1  On  krennerite  from  Cripple  Creek,  Colorado.    A.in.  Joar.  Sci.,  4th  Heries,  Vol.  V,  1808,  p.  875. 

*  Goldsehmidtite,  a  new  mineral.    Am.  Jour.  Sci.,  4th  seriea.  Vol.  VII,  1899,  p.  357. 

*Mr.  Ransome  has  kindly  fnrnished  the  following  notes:  This  mine  is  situated  on  the  soath  slope  of 
Carson  Hill,  Calaveras  County,  Just  above  Robinsons  Ferry,  and  has  not  been  worked  for  several 
years.  There  is  no  prominent  vein  at  this  point,  the  ore  being  very  irregularly  distributed,  and 
occurring  in  small,  nearly  horisontal,  stringers  in  dark  clay  slates  of  Carboniferous  age,  with  nearly 
vertical  dip.  This  mine  has  long  been  known  as  a  source  of  interesting  tellurides,  and  Dana,  in  the 
sixth  edition  of  his  System  of  Mineralogy,  cites  petsite,  calaverite,  melonite,  and  altaite  as  oocnrring 
here.  The  other  ore  minerals  are  pyrite  and  galena,  the  latter  in  small  quantities.  The  ore-bearing 
stringers  are  filled  with  quartz,  or  a  mixture  of  quarts  and  calcite  as  a  gangue.  The  rich  masses  of 
tellurides  appear,  however,  to  be  usually  associated  with  calcite  (or  dolomite).  The  melonite  of 
specimen  No.  16,  shows  at  least  one  perfect  cleavage,  resembling  in  the  thinness  of  the  resulting 
lamin®  the  cleavage  of  the  micas.  The  cleavage  faces  are  usually  somewhat  curved,  and  possess  a 
splendent  metallic  luster.  The  cleavage  can  best  be  detected  by  carefully  scraping  thin  folia  fhun 
such  a  brilliant  surface  with  a  sharp  knife  point.  The  color  of  the  cleavage  fiMes  is  pale  brume 
yellow. 

^Ijong  o,  accented  (mel-y-nite). 
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other  daimB  under  the  name  Melones  mine,  showed  plainly  a  nickel  telln- 
ride  of  reddish- white  cast,  of  color  like  that  of  bismuth/  thickly  scattered 
in  grains,  and  showing  pronoonced  cleavage  and  a  brilliant  luster.  A 
concentrate  was  prepared  by  the  aid  of  cadminm-boro-tangstate  solution, 
and  this  was  then  laboriously  hand  picked  by  the  aid  of  a  powerftil 
glass.  There  was  certainly  more  than  one  foreign  mineral  present,  but 
identification  was  not  possible  except  as  to  a  little  gold  and  petzite. 
The  chief  impurity  was  a  silver  mineral,  presumably  hessite.  If  so,  the 
analyses  seem  to  indicate  also  native  tellurium.  A  perfectly  pure 
article  could  not  be  extracted  because  of  difficulty  in  sometimes  distin- 
guishing the  foreign  minerals  from  the  one  sought,  but  it  was  hoped 
that  an  analysis  of  both  the  selected  and  rc^jected  portions  would 
permit  of  calculating  the  composition  of  the  nickel  mineral  with  con- 
siderable certainty  on  the  reasonable  assumption  that  no  impurity  had 
been  removed  in  relative  excess  over  the  other  or  others. 

The  analyses  below  represent  the  composition  of  (a)  the  rejected,  (6) 
the  original,  and  {c)  the  selected  material.  Analysis  b  is  given  chiefly 
because  of  the  cobalt  determination,  the  nickel  being  probably  a  little 
high.  Although  but  0.22  and  0.13  grams,  respectively,  were  available 
for  the  analyses  a  and  c  the  data  are  believed  to  be  more  trustworthy 
on  the  whole  than  those  of  6,  hence  the  figures  under  d  have  been 
obtained  by  calculation  based  on  o  and  a  only,  after  reducing  them  to 
100.  Under  e  is  shown  the  theoretical  composition  of  NiTcs.  Small 
amounts  of  iron,  traces  of  copper,  and  perhaps  one  or  two  other 
elements  are  omitted,  besides  the  three- fourths  to  2  per  cent  of  gold  and 
petzite  that  remained  unattacked  by  cold  dilute  nitric  acid,  in  which  the 
nickel  mineral  is  readily  soluble. 

The  specific  gravity  of  b  at  22.5  was  7.72,  which  is  probably  higher 
than  the  true  density  of  the  pure  nickel  telluride. 


AnalyseB  oftMUmiie, 

a                  b 

e 

d 

NiTe,. 

Te 

75.29    1      77.72 

17. 16  ] 
15.71    1 
1                           .10  J 

8.44            5.09 

80.75 

18.31 

.86 

81.40 
18.60 

81.29 
18.71 

Ni 

Co 

Aff 

**©  ■"•-•"*  ••----  ••---• 

99.44         100.07 

99.92 

100.00 

100.00 

>  Under  a  lens,  and  to  the  unaided  eye  in  certain  lighto,  the  color  appears  more  bronze  yellow. 
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If  hessite  and  native  telloriam  constitate  the  foreign  admixture  the 
mineralogical  composition  of  a  and  c  is  shown  to  be  as  follows: 


NiTe,..-. 
Hessite  .. 
Telloriam 


84.44 

13.51 

2.06 


100.00 


97.89 

1.38 

.73 


100.00 


There  is  here  indicated  a  considerable  selective  separation  of  the 
foreign  minerals,  since  the  relative  proportions  of  tellariam  and  hessite 
are  very  different  in  the  two  mixtures,  bat  the  amounts  operated  on 
were  so  small  that  a  very  slight  actual  error  in  a  determination  might 
give  rise  to  this  change  in  the  relative  proportions  of  impurities  with- 
out affecting  materially  the  ratios  found  for  the  components  of  the 
nickel  telluride.  The  three  analyses  taken  together  point  unmistak- 
ably to  NiTe2  as  the  formula  for  the  latter  mineral.  The  question  then 
arises,  Is  this  Genth's  melonite,  or  is  it  a  new  mineral?    G^nth  found: 

Te 73.43 

Ni 20.98 

Ag 4.08 

Pb 72 

99.21 

i¥om  which,  after  deducting  hessite,  altaite,  and  free   teUuriumy  he 
deduces  the  formula  Ni2Te3,  requiring  Te  76.49  and  Ni  23  51. 

The  difference  between  his  and  my  own  analyses  is  too  great  to 
admit  of  bringing  them  into  accordance,  yet  I  am  indisposed  to  believe 
that  two  minerals  are  represented,  for  both  occurrence  and  appearance 
are  opposed  to  such  a  view.  The  present  mineral  is  from  the  same 
source  as  Genth's.  Its  physical  characteristics,  so  far  as  ascertainable, 
coincide  with  those  of  melonite,  and  it  is  called  melonite  by  the  people 
at  the  mine.  Melonite  was  considered  by  Genth  to  be  hexagonal  on 
the  strength  of  its  eminent  cleavage  and  the  observation  of  a  single 
microscopic  6-sided  plate.  Mineralogically  a  hexagonal  form  in  the 
pyrite  group,  assuming  this  mineral  to  belong  there,  is  not  to  be  looked 
for,  but  the  evidence  in  favor  of  hexagonal  crystallization  is  too  mea- 
ger to  permit  this  to  be  used  as  an  argument  one  way  or  another. 

Colorado  ITS  f. 

One  small  specimen  from  the  Norwegian  mine  showed  in  dolomite, 
I)etzite,  hessite,  and  a  mercury  telluride.  Superficially  the  latter  was 
not  to  be  distinguished  from  the  accompanying  petzite  and  hessite,  and 
in  insufficient  amount  to  admit  of  analysis  for  the  determination 
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of  its  formula.  It  however  gave  the  tests  noted  by  Genth  for  the  orig- 
inal coloradoite  irom  Colorado,  and  in  addition  the  following  character- 
istic may  be  noted:  On  heating  with  strong  nitric  acid  it  becomes 
coated  with  a  white  insoluble  salt  of  mercury,  which  retards  farther 
action  of  the  acid. 

It  is,  in  all  probability,  coloradoite,  and  if  so  this  is  its  second  known 
locality  of  occurrence,  though  I  have  been  informed  that  a  mercury 
telluride  has  recently  been  found  in  western  Australia. 

Pbtzftk. 

One  specimen  of  i>etzite  from  the  Norwegian  mine  gave  such  an 
abundance  of  pure  material  that  an  analysis  seemed  desirable.  The 
results  were  as  follows: 


Au 

25.16 
41.87 
33.21 
trace 
.08 

> 

1.98 
1.00 

{ 

1.00 
3.04 

.  1 

Aff : 

*M^-    ----    >->...    ..••••    ....    .... 

Te 

Se 

Mo 

100.32 

Approximate  sx>ecific  gravity  at  23^  0.,  8.925.  The  molybdenum  may 
exist  as  sulphide.  The  ratios  lead  almost  exactly  to  the  formula 
AutTe,  3  AgjTe. 

3.  Hessite  from  Mexico. 

As  an  addition  to  the  foregoing  work  may  be  given  an  analysis  of 
hessite  from  a  new  locality — San  Sebastian,  Jalisco,  Mexico — the 
material  having  been  received  from  Mr.  Frederic  Chisolm : 


Ag 

te 

Pb 

S.Fe.Zn. 


Speoiflc  gravity  at  26<^  C. 


61.16 

36.11 

1.90 

-.83 


100.00 
8.24 


•  Difference. 
4.  OOYELLITE  AND  ENABGITE  FROM  MONTANA. 

The  only  important  occurrence  of  covellite  in  this  country  is  at  Butte, 
Montana,  where  it  occurs  in  splendid  indigo-blue  masses.  Specimens 
from  the  East  Greyrock  mine,  collected  by  Mr.  George  W.  Tower, 
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formerly  of  the  United  States  Geological  Survey,  gave  almost  the 
theoretical  composition  as  shown  below.  Specific  gravity  at  26^  C, 
4.76,  uncorrected  for  imparities. 

An  analysis  of  enargite  collected  by  Mr.  Tower  in  the  Bams  mine,  at 
Bntte,  is  also  given. 

AnalyaU  of  oavellite. 


Cu 

66.06 
33.87 

.14  = 

.11 

100.18 

.30FeS« 

s 

Fe 

InROl  .-,. T  ,^,,  .,-r ,,,, 

« 

Ratio  Cu: 8  as  1:1.01. 
AnalyHs  of  enargite. 

Cu 

48.67 
.33 
.10 

17.91 
1.76 

31.44 
.11 

Fe 

--  —  —  —  -————-  —  --- -----__-  —  ...-,-. 

Zn 

As 

8b 

8 

Tngol  ...... 

100.32 

1 

5.  Tysonitb  and  Bastnasite. 

These  minerals  formed  a  single  fine  specimen  half  as  large  as  the 
fist,  without  crystal  faces,  from  Cheyenne  Mountain,  near  Pikes  Peak, 
Colorado.  The  bastnasite  covered  one  side  of  the  tysonite  to  the  depth 
of  an  inch.  The  line  of  demarcation  between  the  two  minerals  was 
sharp,  but  examination  of  their  sections  by  Mr.  H.  W.  Turner  showed 
the  tysonite  to  be  permeated  by  stringers  of  bastnasite  along  numerous 
cracks  and  that  occasional  grains  of  the  latter  were  embedded  in  the 
tysonite,  which  accounts  for  the  C02  shown  in  the  tysonite  analysis. 
Attached  to  the  tysonite  at  portions  of  its  surface  were  other  white  and 
brownish  alteration  products  derived  from  it,  as  shown  by  qualitative 
tests.  The  tysonite  was  evidently  the  remnant  of  a  single  large  crystal, 
since,  according  to  Mr.  Turner,  all  parts  had  the  same  optical  orienta- 
tion. Mr.  Turner  further  found  the  optical  properties  of  both  minerals, 
so  far  as  determinable,  to  agree  with  those  given  in  Dana's  Mineralogy, 
and  the  index  of  refraction  of  the  bastnasite  to  be  greater  than  that 
of  the  tysonite.  He  likewise  noted  in  both  minerals  minute  colored 
inclusions,  indeterminable  and  very  trifling  in  amount,  and  also  in  the 
tysonite  '<  numerous  minute  angular  cavities  in  which  there  is  a  liquid, 
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often  with  gas  babble.    Minute,  dear,  caboidal  crystals,  apparently 
isometric,  were  also  noted  in  some  of  these  cavities.'' 

The  composition  of  the  minerals  was  fonnd  to  be  as  given  by  Allen 
and  €k>mstook,  with  the  exception  that  the  ratios  of  cerium  oxide  to 
the  oxides  of  the  lanthanum  group  are  not  quite  the  same.  The 
formuhe  are  not  thereby  affected. 

Cerium  was  separated  from  the  lanthanum  group  oxides  by  two  pre- 
cipitations by  potassium  hydroxide  followed  by  long  introduction  of 
chlorine.  After  recovery  of  the  earths  remaining  in  solution,  they 
were  again  subjected  to  this  treatment  to  be  certain  of  having  all  the 
cerium.  In  one  case  a  small  x>ortion  was  thus  recovered.  The  cerium 
was  most  carefully  examined  for  thorium  and  tiaces  of  what  api>eared 
to  be  thoria  were  found.  The  other  earths  were  wholly  precipitable  by 
potassium  sulphate  with  exception  of  traces  of  what  may  be  oxides  of 
the  yttrium  group.  Approximate  molecular  weight  determinations  of 
the  combined  oxides  of  these  two  groups  were  made,  and  they  show  an 
appreciable  diflerence,  which  may,  however,  be  due  to  the  uncertaiDty 
of  the  method.  It  may  be  mentioned  that  on  ignition  of  the  sulphates 
of  these  earths  they  acted  like  the  old  didymium  in  that  they  lost 
exactly  two- thirds  of  their  SO3  on  ignition  over  the  full  flame  of  the 
Buusen  burner,  a  fact  which  would  seem  to  exclude  the  presence  of 
lanthanum.  Their  solutions  were  pink  and  gave  pronounced  absorption 
spectra.  The  ignited  oxides  freed  from  cerium  were  a  dull,  dirty  brown, 
which  became  nearly  white  on  blasting  and  acquired  a  distinct  bluish 
cast  on  ignition  in  hydrogen.  No  appreciable  reduction  in  weight  fol- 
lowed heating  in  hydrogen.  The  material  saved  is  at  the  disposal  of 
anyone  desiring  to  examine  these  earths  spectroscopically. 

Owing  to  the  great  difficulty  in  effecting  comi)lete  decomposition  of 
the  minerals  by  sulphuric  acid  at  a  single  treatment,  the  fluorine  was 
obtained  in  condition  for  estimation  by  fusing  with  potassium  car- 
bonate after  mixing  with  silica  in  the  proportion  of  0.6  gram  mineral  to 
1  gram  silica. 

Fragments  of  tysonite  when  held  in  the  blast  gave  a  distinct  crimson 
flame  showing  the  lithium  red  line,  but  an  alkali  determination  failed 
to  reveal  more  than  a  trace  of  this  element. 

Of  the  bastnasite  very  little  pure  material  could  be  separated,  and  it 
was  therefor^  impossible  to  place  with  certainty  all  the  loss  shown  by 
the  analysis,  but  a  portion  of  it  is  to  be  charged  to  the  oxides  of  the 
lanthanum  group  b(*cause  of  an  accident. 

Specific  gravity  of  the  bastnasite  5.13  at  27°  O.  and  of  the  tysonite 
6.10  at  28<^  0.,  which  becomes  6.14  when  corrected  for  2.05  per  cent  of 
bastnasite. 

BulL  167 6 
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Analy§i8  of  tytoniie. 


CegOs  .... 
La  group. 
F 


CO3 

CaO 

FegOs 

NasO  (with  traces  K3O  and  Li,0) 


Less  O  for  F. 


a42.89 

&89.31 

028.71    , 

.53 

.18 

.11 

d.30 

112.08 
12.08 

99. 95 


a  0.18  per  cent  ThOs? 

b  At.  w.  139.7 ;  inolndes  0.21  jior  cent  solable  in  K^)4. 

e  Mean  of  28.86  and  28.56. 

d  Approximate. 

Analjf8i8  of  hastnMte, 


CejOa 

La  groap  (slight  loss) 
F 


CO, 

Fe,03 

Na^O  (with  traces  K«0  and  Li^O) 
HaO 


Less  O  for  F. 


a  37. 71 

^36. 29 

7.83 

C20.03 

.22 

.18 

.08 


102.84 
3.30 


99.04 


a  Mean  of  37.73  and  37.60;  incladee  .10  per  cent  ThO^f 
h  At.  w.  141 ;  incladee  .00  per  cent  soluble  in  K1SO4. 
e  Mean  of  10.04  and  20.n. 


Neglecting  the  last  three  constitaeuts  in  each  case,  the  ratios  become 


for 


Bastnasite R:F,COa=l  :2.94 

Tysonite R  :F,C03  =  1  :3.05 


which  ratio  for  tysonite  is  not  changed  by  allowing  for  admixed  bast- 
nasite. 

The  above  direct  flaorine  determinations  fully  establish  the  hitherto 
assumed  formulas  R'"  F3'  for  tysonite  and  R"'  (F'  GO3")  for  bastnasite. 

6.  Peosopitb. 

Early  in  1896  Mr.  George  F.  Knnz  sent  for  examination  a  beantifid 
pale  green  mineral  from  Utah,  supposed  to  be  identical  with  the  green 
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variscite  called  by  him  atahlite  in  Mineral  Kesonrces  of  the  United 
States,  1894,  page  602.  Un<ler  a  recent  date  Mr.  Kunz  writes  that  Mr. 
T.  H.  Beck,  of  Provo,  Utah,  found  the  mineral  **in  1895,  in  the  Dugway 
mining  district,  Tooele  Ooanty.  It  was  tbnnd  in  a  low  range  of  hills 
about  5  miles  long,  surrounded  by  a  desert  on  an  arid  region  occurring 
as  flat  rock,  associated  with  liuorite,  native  silver,  slate,  and  trachytic 
rock  ( f ),  containing  decomiiosed  pyrite  in  which  there  was  present  a 
little  free  gold." 

Unexpectedly  this  was  found  to  be  the  hydrous  aluminum-calcium 
fluoride  prosopite,  mixed  with  some  quartz  and  probably  fluorite,  and 
colored  by  a  small  amount  of  some  co])per  salt.  A  new  and  interesting 
occurrence  for  this  very  rare  mineral  is  thus  aftbrded. 

The  material  as  prepared  for  analysis  after  separation  by  a  heavy 
solution  proved  to  be  still  far  from  pure;*  quartz  grains  in  amount  from 
1  to  2  per  cent  were  left  undissolved  after  complete  conversion  of  the 
fluorides  into  sulphates,  and  presumably  considerably  more  had  been 
remove<l  by  the  escaping  fluorine.  The  total  amount  of  quartz  was 
not  determined,  and  the  material  at  hand  did  notsuflice  for  attempts  at 
more  complete  puriflcation,  so  that  the  conclusions  drawn  from  the 
analysis,  while  extremely  probable,  are  not  to  be  taken  as  altogether 
proven. 

The  specific  gravity  of  the  mineral  as  analyzed  was  2.87  at  21  o  C. 
and  the  hardness  about  4.5,  both  agreeing  with  the  constants  for  proso- 
])ite.  Furthermore,  but  little  of  the  water  (1.25  jier  cent)  was  expelled 
by  several  hours  heating  at  280°  O.    Analysis  gave: 


Ai *. 20.08 

Ca I  17.55 

Mg I  trace 

K !  .12 

Na '  .32 

Cu.... '  .17 

F '  28.00 

H,0 '  14.24 

Quartz  aDcL  oxygen 19.52 

!  100.00 


Neglecting  copper,  alkalies,  and  the  oxygen  calculated  for  their 
oxides,  and  assuming  the  water  to  exist  entirely  as  hydroxyl,  the  fol- 
lowing not  very  satisfactory  atomic  ratios  result: 

Al 7407  2 

Ca 1..     .4380  1.18 

F 1.46901  g  23 

Hydroxyl 1.5808i 
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which  become 

Al , 7407  2 

Ca 3712  1 

P 1.33541  „  ^ 

Hydroxyl l.r.808) 

if  enough  calciam  and  its  equivalent  in  fluorine  are  Aubtracted  to  make 
the  ratio  Al  :  Oa  exactly  2  : 1,  on  the  not  improbable  assumption  that 
fluoriteis  present  as  an  admixture,  an  assumption  that  had  to  be  made 
also  for  the  Colorado  prosopite  in  order  to  bring  it  into  close  agreement 
with  Brandl's  formula. 

There  is  now  a  deficiency  in  the  acidic  radicals.  The  figures  for  Al, 
Oa,  and  H20  are  undoubtedly  very  nearly  correct,  while  the  fluorine 
may  well  be  a  half  per  cent  low,  having  been  determined  by  the 
Berzelian  method,  owing  to  the  difficulty  of  securing  complete  decom- 
IK>sition  of  the  fine  powder  by  a  single  treatment  with  sulphuric  acid. 
Let  it  be  permitted  to  balance  the  basic  and  acidic  radicals  by  raising 
the  fluorine,  and  to  figure  the  ideal  percentages  on  this  basis.  These 
become  of  interest  when  compared  with  the  corresiH)iiding  figures  for 
prosopite  from  Altenberg  and  Pikes  Peak  as  given  below: 


• 

Altenberg. 

Pikee  Peak. 

22.02 
17.28 
33.18 
13.46 
13.41 

Utah. 

22.74 
16.85 
29.95 
16.12 
14.34 

Al 

• 

23.37 
16.19 
35.01 
12.41 
12.58 

Ca 

F 

HaO 

0 

100.00 

If  the  assumptions  made  in  the  foregoing  are  justified,  the  Utah 
mineral  is  prosopite,  and  further  evidence  is  aiforded  of  the  correctness 
of  the  view  established  by  Penfield  that  fluorine  and  hydroxyl  can 
mutually  replace  each  other  in  many  mineral  species,  for  their  relative 
proportions  difl'er  materially  in  the  prosopite  from  the  three  known 
localities.  The  correctness  of  the  formula  as  applied  to  the  Colorado 
and  Utah  prosopite  is,  however,  predicated,  as  said,  on  the  unproven 
assumption  that  the  material  analyzed  contains  some  admixed  fluorite. 

7.  Jeffbrsonite. 

Two  brown  substances  associated  with  franklinite  and  other  zinc 
minerals  from  Franklin  Furnace,  New  Jersey,  so  alike  in  appearance 
as  to  have  been  taken  for  the  same  mineral  species,  were  received  from 
Mr.  George  L.  English.  One  was  a  little  duller  than  the  other  and 
proved  to  be  a  mixture  of  several  minerals,  according  to  Mr.F.  L.Bansome 
of  the  U.  S.  Geological  Survey,  largely  pseudoinorphic  after  some  mica- 
ceous mineral.    From  Professor  Clarke's  calculations,  based  on  the  fol- 
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lowing  analysis,  it  might  be  a  mixtare  of  a  calcium-aluminum  garnet, 
troostite,  and  limonite.  SiO,  32.09,  AI2O3 11.12,  FcsOs  5.16,  MnO  15.85, 
ZnO  16.89,  OaO  15.65,  HaO  2.15,  MgO  and  alk.  1.12;  total  100.00. 

The  other  was  of  a  richer  and  deeper  brown,  and  showed  such  a  pro- 
nounced cleavage  or  parting  in  one  direction  as  to  produce  a  lamellar 
structure.  The  luster  was  brilliant  on  these  cleavage  surfaces.  Other 
directions  of  cleavsige  were  apparent.  The  hardness  was  about  5.5  and 
the  density  3.39  at  2l.5o  G.  I^fore  the  blowpipe  a  fragment  ftised 
with  difficulty  to  a  light-colored  blebby  glass.    Analysis  gave: 


TiO«,  FeO,  P«05  abeent. 

Neglecting  the  sesquioxides,  alkalies,  and  water,  this  leads  to  the 
ratio  SiOj:  KO=l:  1.02,  and  the  formula  is  that  of  a  metasilicate 
K^'SiOs.  According  to  Mr.  English,  the  material  submitted  by  him  had 
been  pronounced  by  Professor  Penfield  on  the  basis  of  qualitative  tests 
to  be  jeft ersonite,  a  manganese-zinc  pyroxene,  a  statement  supported 
by  the  analysis  above  given,  although  neither  the  color  of  the  mineral 
nor  its  quantitative  composition  agree  with  the  hitherto  published  data. 
In  Dana's  Mineralogy  the  color  is  given  as  ^^greenish  black,  on  the  ex- 
posed surface  chocolate  brown,"  the  density  as  3.36  on  page  358,  but  3.63 
on  page  360.  The  discoverers  of  the  si)ecies,  Keating  and  Yanuxem, 
give  3.50-^.55  for  the  density  and  4.5  for  the  hardness.  The  present 
mineral  presents  all  the  evidences  of  being  fresh  and  unaltered,  yet  it  is 
brown  throughout,  and  its  analysis  furnishes  figures  widely  at  variance 
with  those  of  Herrmann  and  of  Pisani,  but  giving  a  better  metasilicate 
r;itio  than  either  of  their  analyses.  Notwithstanding  these  discrepan- 
cies, there  is  no  reason  for  ascribing  to  the  mineral  a  new  subspecies 
name.  The  analysis  is  chiefly  valuable  as  showing  a  wide  range  of 
composition  for  the  mineral. 

8.  Anorthitb  and  Epidote. 

In  specimens  collected  by  T.  F.  Lamb  at  Phippsburg,  Maine,  these 
two  mineraJ.s  occur  ander  anuanal  cfrcumstances.    The  ixi8b&%  oi  V 
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material  is  a  highly  metamorphosed  contact  limestone,  carrying  an 
abundance  of  cinnamon  garnet  and  occasionally  a  green  pyroxene. 
Now  and  then  there  is  embedded  in  the  masses  of  garnet  a  dark-gray 
mineral,  nearly  black  in  some  specimens,  in  brilliant  plates  which 
nowise  suggest  epidote.  Epidote,  however,  it  proved  to  be,  as  shown 
by  the  subjoined  partial  analysis,  and  as  verified  by  Mr.  J.  B.  Diller 
under  the  microscope.  The  anorthite,  also  determined  optically  by 
Mr.  Diller,  and  analytically  by  Mr.  George  Steiger,  is  associated  some- 
times with  the  epidote  and  sometimes  in  coarse  crystals  only  with 
the  garnet.    The  analyses  are  as  follows : 


Epidote. 

Anorthite. 

SiOa   

38.54 
28.39 

6.89 

.50 

24.12 

trace 

2.26 

45.62 
35.29 

AljOi 

Fe^Oa 

FeO 

CaO 

17.31 

MeO 

O          •-"•-   •--•--    .--•••    ......    ....-•    ..•• 

Ignition 

100.70 

98.22 

In  some  ways  the  epidote  resembles  axinite,  a  mineral  which  has 
long  been  recorded  as  found  at  Phippsburg.  Is  the  supposed  axinite 
really  epidote  f 

9.   KOSGOELITE. 

The  rare  mineral  roscoelite  has  greatly  needed  reexamination,  in 
order  to  reconcile  the  discrepancies  between  the  analyses  of  Boscoeand 
Genth  and  to  establish  a  satisfactory  formula  for  this  supposed  vana- 
dium mica.  To  the  kindness  of  Mr.  G.  W.  Kimble,  of  Placerville,  Cali- 
fornia, 1  am  indebted,  through  Mr.  H.W.Turner,  for  specimens  from  the 
Stockslager  mine,  from  which  a  limited  amount  of  fairly  pure  matenal 
was  picked  out.  This  was  then  laboriously  purified  by  the  aid  of 
Thoulet's  solution,  the  result  being  a  very  nearly  pure  product  weigh- 
ing only  1.2  grams  jind  having,  after  drying  at  100^  C,  a  density  of 
2.97  at  20O  G. 

Notwithstanding  the  small  amount,  it  was  possible  by  the  exercise 
of  care  to  make  fairly  satisfactory  analyses. 

With  regard  to  the  methods  employed  little  need  be  said  except  as 
to  the  determination  of  the  condition  of  the  vanadium.  For  this  purpose 
decomposition  was  effected  by  rather  dilute  H2SO4  in  sealed  tubes,  the 
greatest  care  being  taken  to  expel  every  trace  of  air  from  the  powder 
and  acid,  and  to  seal  the  tube  during  passage  of  a  current  of  OOa. 
Otherwise  it  is  impossible  to  prevent  oxidation  of  a  considerable  part 
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of  the  YfOj,  In  one  case^  onfortanately,  the  air  could  not  have  been 
ftilly  expelled,  for  the  solution  after  decomposition  was  blue  instead  of 
green  and  much  less  oxygen  was  required  in  titration  than  when  the 
color  was  green. 

The  contents  of  the  tube,  stdll  warm,  were  poured  into  furly  hot 
freshly  boiled  water  and  titrated  rapidly.  Iron  and  vanadium  were 
then  reduced  by  H2S  gas,  the  latter  boiled  out  in  a  current  of  002,  and 
titration  repeated  on  the  hot  liquid.  The  solution  was  then  boiled 
with  ammonia,  the  precipitate  fused  with  Ka^OOa,  leached  with  water, 
and  the  residue  again  fused  with  NasOOa  and  leached  to  remove  the 
last  of  the  vanadium.  This  residue  was  then  fused  with  KHS04,^  dis- 
solved in  dilute  HsS04,  boiled  first  with  n2S  and  then  in  a  current  of 
OOs,  and  the  liquid  titrated  for  total  iron.  The  solution  held  titanium 
which  was  then  estimated  colorimetrically. 

The  first  of  the  titration  results  gave  the  effect  of  all  iron,  assuming 
its  existence  as  FeO,  and  of  all  vanadium  that  might  exist  in  a  lower 
state  of  oxidation  than  YsOs.  The  second  gave  all  iron  as  FeO  and  all 
vanadium  as  Y2O4.  Deduct  from  both  the  figure  for  FeO  and  the 
remainder  gives  that  for  vanadium.  In  this  way  two  very  concordant 
results  were  obtained  for  total  vanadium  as  Y2O4,  which  were  supple- 
mented by  tests  on  portions  used  for  other  constituents,  but  only  one 
was  obtained  for  the  vanadium  as  it  exists  in  the  mineral,  a  second 
being  vitiated  by  evident  oxidation  during  decomposition  in  the  tube. 
As  a  check,  however,  a  fresh  sample  of  unpurified  mineral  was  similarly 
treated,  and  it  was  found  that  fully  nine-tenths  of  the  vanadium  existed 
as  VfOs,  a  result  confirming  the  single  test  on  the  purified  material 
which  showed  93.5  per  cent  as  Y2O3.  It  is  not  impossible  that  slight 
oxidation  had  taken  place  even  in  these  cases,  and  I  feel  justified  in 
asfioming  with  Genth  that  the  vanadium  should  be  considered  wholly 

BB  V2O3. 

In  the  other  portions  analyzed  the  vanadium  was  likewise  titrated  in 
Y2O4  condition,  but  only  after  separation  from  iron,  titanium,  and  alumi- 
num by  fusion  with  NajOOs,  extraction  with  water  and  separation  of 
dissolved  alumina  by  ammonium  carbonate.  A  second  frision  of  the 
residue  and  of  the  precipitated  alumina  was  necessary  in  order  to 
extract  all  the  vanadium.  These  numerous  manipulations  render  the 
figures  for  AI2O3  perhaps  the  least  trustworthy  of  all,  but  the  average 
given  is  probably  not  far  from  correct. 

The  iron  is  assumed  to  be  present  as  FeO ;  and  the  titanium  to  belong 
to  a  foreign  mineral,  since  a  test  on  unpurified  material  gave  much 
more,  namely,  1.50  per  cent  Ti02,  without  accompanying  increase  in 
FeO,  which  latter  observation  seems  to  exclude  ilmenite  as  the  source 
of  the  titanium. 

Both  the  iron  and  magnesium  are  supposed  to  belong  to  the  roscoe- 

*Aiiy  tlisfat  trace  of  Tauadlum  remaining  will  impart  a  bright  yellow  color  to  the  cold  KHSO4, 
ftufaMBf  a  teat  which  proved  oaefol  more  than  once  during  the  analysis. 
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lite,  since  they  were  found  by  Gentli  in  nearly  the  same  amoants  and 
no  recognizable  iron  ormagnesinm  minerals  were  noticed  in  the  purified 
powcler. 

For  comparison,  the  mean  of  Roscoe^s  analyses  and  that  one  of 
Creiith^s  considered  by  himself  to  be  his  best  are  also  given  in  the  table 
below. 

Very  marked  differences  are  apparent  in  the  three  analyses  by  dif- 
ferent chemists.  If  titanium  was  present  in  the  material  analyzed  by 
Geuth  and  Iloscoe,  as  is  very  probable,  their  high  results  for  alumina 
are  in  great  part  at  least  accounted  for.  It  is  inconceivable  how  G^nth 
obtained  his  value  for  water  by  ignition,  since  the  mineral  oxidizes 
when  heated  in  air.  In  fact  the  oxidation  ia  one  of  my  own  analyses, 
after  allowing  for  loss  of  water  as  ascertained  by  direct  weight,  was 
almost  what  theory  requires  for  the  oxidation  of  V2O3  to  V2O5  and  of 
FeO  to  FcaOa,  or  5.14  per  cent  instead  of  6.27  per  cent.  It  may  flEiirly  be 
assumed  that  his  water  was  weighed  directly  after  expulsion  by  ignition 
of  the  powder.  Roscoe's  figures  for  water,  if  not  for  moisture,  must  be 
affected  by  error,  i)robabIy  arising  from  the  unsuspected  oxidation  of 
vanadium. 

^ f  nalysea  of  rosooelite. 


HiUebrand. 


Amount  iiHed 0.3000(7 


SiO,  . 
TiO,. 

v,o,. 

AlgOs 

FoO. 

MgO. 

K,0. 

Na^O 

Li,0. 


45.30 

.77 

23.90 


H,0  below  105^0. 
H,0  105-280°  C... 
njOal»ove280oc. 
Fl 


0.2531(7.  0.2635f/.!a0.1560^  0.2038y. 


77 


.80 


24.00 

11.74       11.34 


24.09  I    24.06 


Mean. 


45. 17 

.78 

24.01 

11.54 

1.60 

1.64 

10.37 

.06 

ft.tr. 

.40 

.17 

4.12 

none 

99.86 


G«nth. 


47.69 


20.56 

14.10 

1.67 

2.00 

7.59 

.17 

trace 


4.96 
ign. 


98.76 


Bosooe. 


SIO, 

V,0. 

Al,0g.... 
Fe,0«  ... 
Mn,0,... 

CaO 

Mj?0 

K,0 

NaaO  .... 
Water . . . 
Moisture 


41.25 

^28.C0 

14.14 

1.13 

1.15 

.61 

2.01 

8.56 

.82 

1.08 

2.27 


101.62     I 


a  4.94  per  cent  oxj'gon  uttod  for  completi)  oxidation  instead  of  5.27  nuuded  for  all  V  as  V,0,  and  Fo 
as  FeO. 
&£<luivalont  to  23.59  per  cent  V^Ot. 
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Fi-oiii  the  colanin  of  means  of  my  own  analyses  the  following  ratios 
are  obtainable: 

SiOi 753 

V,03 159 

Al^Oa 113 

FeO 022 

MgO : 041 

KiO 110 

H«0 229 

The  entire  absence  of  manganese  and  of  calciam  in  my  own  and 
Genth's  samples  tends  to  confirm  the  suspicion  that  Koscoe's  material 
was  far  from  pare.  It  is  to  be  remarked,  however,  that  my  figures  for 
vanadium  agree  quite  closely  with  his  and  differ  widely  from  Genth's. 

Discrepancies  of  this  kind  are  not  necessarily  to  be  ascribed  to  faulty 
analyses.  It  is  well  enough  known  that  in  any  one  species  of  mica 
various  molecules  must  sometimes  be  assumed  to  exist  in  different  pro- 
portions, aixd  the  general*  formula  for  such  a  species  can  only  be  arrived 
at  by  comparison  of  a  series  of  analyses  of  different  varieties.  Hence, 
in  view  of  the  lack  of  any  simple  ratios,  the  deduction  of  a  definite  and 
final  formula  from  my  data  is  not  justifiable.  Further  analyses  are 
needed  of  new  and  very  pure  material  from  other  locations,  even  if 
these  be  not  far  removed  from  the  source  of  the  present  material. 
Nevertheless,  in  the  hands  of  an  expert  very  unpromising  data  may 
often  be  made  to  afford  positive  indications,  and  that  this  is  true  in  the 
present  case  the  following  discussion  by  Prof.  F.  W.  Clarke  clearly 
shows: 

Chxmical  Constitution  of  Roscoklitk,  by  F.  W.  Clark k. 

The  ratios  given  in  the  foreg^oing  new  analysis,  nsed  directly,  lead  to  the  follow- 
ing empirical  formnla  for  roscoelite: 

ELifigKaanFe^^tMg^  i  Alaa©  Va  i  KSi7AsO/7S4 . 

Here  H  to  K  and  Mg  to  Fe  are  as  2  to  1.  Between  O  and  Si,  however,  the  ratio  is 
not  simple,  and  lies  helow  the  orthosilicate  and  above  the  trisilicate  proportion. 
8in4-e  in  many  micas  the  gronps  SiO^  and  SiaOg  are  replaceable,  that  suggestion  may 
be  followed  out  here;  and  then  the  formnla  redncea  to 

R'rtTsR'  »3Al«a(iV3|g(Si04)fi3rt(Si308)7I. 

From  this  expression,  applying  Clarke's  mica  theory,  the  mineral  may  be  regarded  as 
a  molecular  mixture  of  the  three  compounds 

« 

1.                                                2.  3. 

^SiO^FeK                              .SliOH-KHa  ^Si04SKH9 

Al— Si04=3MgH  Al— SiaO^KHa  Al— Si04=V 

\8i04=MgH,                        ^SiaOgSAl,  ^  SiO^V, 

Id  the  ratio  21 :  22 :  159,  or  nearly  1:1:8.    Upon  reducing  the  analysis  to  100  per  cent, 
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after  throwing  oat  the  Ti02  and  the  water  lost  below  280^  as  extraneous,  we  get  the 
following  oomparison  between  the  resalts  fonnd  and  the  theoretical  composition : 


SiOg 

TiOa 

V,03 

AlaOs 

MgO 

FeO 

K4O 

H.iO,280^—  . 
HA280O-hv 


Found. 

Redooed. 

CalonlAted. 

46.17 

45.88 

45.52 

.78 
24.01 

24.39 

24.64 

11.54 

11.73 

11.62 

1.64 

1.66 

1.72 

1.60 

1.63 

1.56 

10.37 

10.53 

10.81 

.57 
4.12 

4.18 

4.14 

99.80 

100.00 

100.00 

This  comparison,  based  on  the  ratio  21:22:169,  Is  as  satisfactory  as  could  be 
expected. 

Of  these  component  molecnles  the  first  represents  the  normal  phlogopite  ^pe, 
the  second  is  a  trisilicate  alkaline  biotite,  and  the  third,  which  forms  74.5  per  cent 
of  the  whole  mass,  is  a  mnscovite  in  which  two-thirds  of  tho  alominom  have  been 
replaced  by  vanadinm—in  short,  a  vanadiom  mnscovite.  Ordinary  mnsoovite  is 
AL(Si04)3KH8;  and  whether  a  corresponding  y3(Si04)3KH8  exists  can  be  determined 
only  by  analyses  of  roscoelite  firom  other  localities,  and  so  learning  its  range  of 
variation,  lliat  vanadinm  may  replace  alnminnm  is  shown  by  the  fact  that  Piocini 
has  prepared  true  vanadinm  alnms.  That  roscoelite  is  essentially  a  vanadiom  mns- 
covite seems  to  be  fairly  well  established.  As  for  the  molecnle  Ala(Si30t))3KgH4,  its 
existence  is  indicated  in  some  other  micas,  and  in  Simmler's  ''helvetan"  it  seems  to 
be  the  dominant  molecnle. 

Note. — A  full  discusBion  of  the  mode  of  occurrence  of  roscoelite,  with 
historical  data  relative  to  the  species,  is  given  by  Mr.  H.  W.  Turner  in 
the  American  Journal  of  Science,  4th  series,  Vol.  YII,  June,  1899,  p.  455. 

10.  Mabiposite. 

Samples  of  the  peculiar  micaceous  mineral  named  mariposite  by 
Silliman  were  collected  at  the  Josephine  mine,  Bear  Valley,  Mariposa 
County,  California,  by  H.  W.  Turner  in  1894.'  According  to  Turner  it 
resembles  talc  optically,  but  chemically  it  appears  to  be  one  of  the  ill- 
defined  substances  known,  for  want  of  a  more  precise  name,  as  pinite. 
Two  varieties  were  analyzed — one  white,  the  other  green,  but  neither 
analysis  leads  to  any  definite  formula.    The  data  arc  as  follows: 


1  Ooourrence  de»oribed  by  Turner  in  Am.  Jour.  Sci.,  8d  aeries,  VoL  XLrX",  1605,  p.  377. 
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SiOj  .... 

TiOa 

AliOs.... 
CrjOa  .... 
FejOs  .... 

FoO 

CaO 

MgO..... 

K,0 

(NaLi),0. 
H,0 


I- 
Green.  White. 


Sp.gr. 


55.36 

.18 

26.62 

.18 

.63 

.92 

.07 

3.25 

9.29 

.12 

4.52 


) 
} 


56.79 

25.29 
none 

1.59 

.07 

3.29 

8.92 

a  .17 

4.72 


100.13 
2.817,290.5 


100.84 
2.787,28^.5 


a  Contains  some  K«0. 

No  water  was  lost  below  300o.  The  reaction  for  litliia  was  very 
strong.  The  color  of  the  green  mariposite  is  evidently  due  to  chro- 
mium. 

11.  Two  Sulphates  fbom  Montana. 

Mr,  W.  H.  Weed  collected  in  the  St.  Paul  mine,  nettr  Whitehall, 
Montana,  a  magnificent  specimen  of  a  compact  soluble  fibrous  sulphate, 
8upiM>sed  to  be  melanterite.  It  seemed  to  be  a  filling  between  fragments 
of  broken  rock.  Outwardly  it  was  white  from  dehydration,  but  at 
some  depth  the  unaltered  green  mineral  was  to  be  found.  This  had 
the  following  composition : 


AlaOa 

FeO 

NiO 

MnO 

ZnO 

CnO 

CaO 

MgO 

NaaO 

SOs >- 

CI,  COa .' 

H«0 

Insol 
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Of  the  water,  10  percent  escaped  in  twenty- four  hours  over  snlphnric 
acid  and  only  0.4  \^r  cent  more  in  another  like  period,  bnt  a  total  of 
14.4  per  cent  after  ten  days'  aninterrapted  exposure.  The  water  thos 
lost  is  very  slightly  reabsorbed  on  exposure  to  air. 

From  calculations  by  Prof.  F.  W.  Clarke  the  substance  nkay  be 
regarded  as  a  mixture  of  alunogen  or  the  halotrichite  group,  with 
salts  of  the  inelanterite  group,  the  empirical  formula  being  nearly 

(Fe,  Mn)4(Zn,  Mg),Al3  (SO^^  .  65HsO. 

The  outer  white  zone  of  the  specimen  contained  only  39.62  per  cent 
of  water. 

The  second  sulphate  examined  was  a  beautiful  sky-blue  stalactite 
from  the  Anaconda  mine  at  Butte,  collected  by  Mr.  G.  W.  Tower.  Its 
composition  was  as  follows: 


The  stalactite  was  of  some  size,  and  was  most  readily  soluble  in  coJd 
water,  the  solution  giving  a  strong  acid  reaction.  The  calculated  ratio 
is  strongly  acid,  showing  either  a  mixture  of  highly  acid  salts  or  of 
normal  salts  with  free  acids. 


ON  THE  CBLORONITRIDES  OP  PBOSPBORUS  AND  THE  METAPHOSPHIMIC  ACIDS. 


Bv  H.  N.  Stokes 


1.  ON  TRI-  AND  TETRAPHOSPHONITRILIC  CHLORIDES.' 

^^Chlorophosphuret  of  nitrogen"  (Ghloi'pliosphorstickstol!')  was  dis- 
covered in  1832  by  Liebig,'  while  attempting  to  prepare  amides  of 
phosphoric  acid  by  acting  on  phosphorus  pentachloride  with  gaseons 
ammonia  and  with  ammoniam  chloride.  Analysis^  led  to  the  formala 
I^NsCU,  and  he  observed  that  the  compound  could  be  distilled  with 
steam  or  boUed  with  acids  or  alkalies  without  appreciable  decomposi- 
tion— properties  unique  in  a  phosphorus-chlorine  compound. 

Liebig  did  not  pursue  the  subject  much  further,  but  at  his  suggestion 
Gladstone^  in  1849  continued  the  study  of  the  phosphorus-nitrogen 
compounds  and,  incidentally,  of  chlorophosphuret  of  nitrogen.  In  his 
papers  on  this  body  ^  Gladstone  detailed  a  method  of  preparation  from 
phosphorus  pentachloride  and  ammonium  chloride,  and  iK)inted  out 
some  of  its  i)ropertie8 — among  them  its  decomposition  in  aqueous  ether 
or  by  alcoholic  alkalies  into  hydrochloric  acid  and  a  nitrogenous  com- 
pound, deutazopbosphoric  acid.  Gladstone  adopted  Liebig^s  formula, 
PsN^Gls.  Tbe  correctness  of  this  was  disputed  on  theoretical  grounds 
by  Laurent  °  and  Gerhardt,'  and  the  formula  PNClj  suggested.  At  a 
later  date  Gladstone  and  Holmes  °  revised  the  work  of  the  former 
and  adopted  Laurent  and  Gerhardt's  formula,  at  the  same  time  showing, 
on  the  basis  of  the  vapor  density,  that  it  must  be  tripled :  PsNsGl^. 

*Tho  followiog  work  was  begun  in  the  laboratory  of  the  School  of  Pharmacy,  Korthweateni  Uni- 
versity, Chicago,  and  continned  in  the  laboratory  of  the  United  States  Geological  Sorvoy.  I  wish  to 
express  mj'  sincere  thanks  to  Prof.  J.  H.  Long,  of  the  former  institution,  for  his  kindness  in  pennitting 
m<'  to  work  in  hin  laboratory. 

'  Liebig- WohlcT,  Briefweehsel,  VoLI,  p.  63;  Ann.  Chem.  (Liebig),  Vol.  XI,  1834,  p.  146. 

^The  part  of  WShler  in  this  investigation  seems  to  have  consisted  merely  in  making  the  analyses 
for  Liebig. 

< Quart.  Jour.  Chem.  Soc.  London,  VoL  II,  1850,  p.  121. 

'Ibid.,  VoL  III,  pp.  185, 353;  Ann.  Chem.  (Liebig),  VoL  LXXVI,  p.  74;  Vol.  LXX  VII.  p.  314. 

■Compt.  rend.,  VoL  XXXI,  1860,  p.  356,  and  Ck>mpt.  rend,  des  Trav.  de  Chimie,  1850.  p.  887. 

'  Compt.  rend,  des  Tnv.  de  Chimie,  1861,  p.  30 ;  Ann.  Chim.  Phys.  [8],  Vol.  XVIII,  p.  204.  note. 

•Jour.  Chem.  Soo.  London,  [2],  Vol.  II,  1864,  p.  225. 
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Later,  Wichelhaas  ^  conflrmed  the  results  of  Gladstone  and  Holmes, 
and  suggested  the  stractaral  formula 

NPCl« 
/\ 

C1,PN— NPClg 

and  A.  W.  Hofmann'  and  Oouldridge^  added  some  further  observations. 

By  distilling  under  diminished  pressure  the  reaction  product  of 
phosphorus  pentachloride  and  ammonia  gas  Besson  ^  obtained  a  sub- 
stance of  the  composition  PNOL2,  which  he  describes  as  '^un  corps 
solide  donnent  par  sublimation  des  cristaux  tr^s  r^fringents,  fusibles  A, 
106O.'-  The  low  melting  point  would  indicate  a  body  other  than  P3N3CI6 
(melting  point  114^),  but  as  the  latter  is  the  chief  volatile  product 
formed  under  ordinary  circumstances  it  may  be  regarded  as  an  open 
question  whether  Besson's  compound  is  identical  with  Liebig's. 

Finally,  White'  and  Gilpin^  observed  it  as  a  secondary  product  of 
the  action  of  phosphorus  pentachloride  on  acid  ammonium  orthosul- 
phobenzoate,  doubtless  originating  in  the  action  of  the  ammonia. 

Kone  of  these  investigations  have  thrown  much  light  on  the  consti- 
tution of  the  chlorophosphuret  or  on  its  relation  to  other  phosphorus 
compounds. 

My  attention  being  called  to  this  substance  while  engaged  in  study- 
ing the  amides  of  phosphoric  acid,  I  have  prepared  it  in  large  quantity 
with  a  view  to  ftirther  investigation.  Although  the  experiments  have 
not  progressed  far  enough  to  establish  any  definite  constitutional  for- 
mula, they  show  that  the  chlorophosphuret  is  by  no  means  as  intracta- 
ble as  has  been  supposed,  and  that  it  is  one  of  an  homologous  series 
of  compounds  having  the  general  formula  (PNOls)^,  which  are  the  chlo- 
rides of  an  homologous  series  of  acids  (PK02H2)x,  the  metaphosphimic 
acids.  From  the  reaction  product  of  phosphorus  pentachloride  and 
ammonium  chloride  I  have  thus  far  isolated  the  body  (PNGl2)4,  which 
almost  equals  (PNGl2)3  in  stability,  and  which  yields,  on  saponification, 
an  acid  (PK02H2)4,  also  an  extremely  stable  substance.  A  further 
product  of  the  reaction  is  a  stable,  oily  chloride  (PN0l2)x  <>f  high,  but 
as  yet  unknown,  molecular  weight.  I  have  also  obtained  from  Liebig's 
chlorophosphuret  the  corresponding  acid  (PK02H2)3,  an  intermediate 
chlorhydrine  P3N3CI4O2H2,  and  a  chloramide  P3N3Cl4(KH2)2.  The 
object  of  the  present  paper  is  mainly  to  describe  the  preparation  and 
properties  of  the  chlorides,  the  consideration  of  the  acids  being  de- 
ferred to  a  later  occasion.  . 

Nomenclature. — In  view  of  the  large  number  of  phosphorus-nitrogen 
compounds  actually  known  or  theoretically  possible,  it  is  desirable  to 
have  a  more  definite  nomenclature  than  has  thus  far  been  used.     I 

«Ber.  DentBoh.  ohem.  Gesell.,  Berlin, VoL  HI,  1870,  p.  163.    «  Compt.  rend..  Vol.  CXIV,  1802,  pp.  1264, 1480. 
'Ibid.  VoL  X  Vn,  1884,  p.  1910.  «  Dissertation,  Baltimore,  1891,  p.  13. 

sjour.  Chem.  Soc  London,  Vol.  Lm,  1868,  p.  896.  •Dissertation,  Baltimore,  1892,  pp.  7, 16. 
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have  proposed^  to  reserve  the  name  amjdo-orthophosphoric  acid  lor  the 
ortho  acid  iD  which  one  hydroxy!  is  replaced  by  the  amido  group,  and 
to  call  the  isomeric  form  P(NH)(OH)3  orthophosphimic  acid.    By  anal- 


ogy an  acid  P(NH)v   ^jj  might  be  named  metaphosphimic  acid.    Oor- 

resi)onding  to  the  polymeric  metaphosphoric  acids  we  may  imagine  an 
homologous  series  of  metaphosphimic  acids,  bat  for  each  of  these  sev- 
eral forms  would  be  x>ossible,  according  as  the  polymerization  is  effected 
by  means  of  oxygen  or  of  nitrogen  atoms,  assuming  them  to  be  other- 
wise built  on  the  same  general  type.  For  example,  an  acid  of  the  for- 
mala  PSN2O4H4,  with  cyclic  structure,  might  have  any  of  the  following 
constitutional  formulas,  omitting  mixed  forms: 

PO.NH9  P(NH).OH  PO.OH  P(OH), 

0<(^0  ^O^  NH<^NH  ^O^ 

PO.NH9  P(NH).OH  PO.OH  P(OH), 

(o)                                     (h)  (c)  (d) 

Dinietaphosphoryl  Dimetaphoflphimio  Biphoaphonitrilic 

amide.  aoid.  acid. 

»-        —^'— — ■ -*  ^^^-^^^— ^^^— ^^^^^^^^-^^■^— ij— ^^^^^^^^—  ■* 

(a)  and  (b)  represent  the  amide  of  a  dimetaphosphoric  acid  with  its 
desmotropic  form;  (c)  and  {d)  represent  the  two  forms  of  an  acid  isomeric 
with  the  former,  but  not  directly  derivable  from  a  dimetaphosphoric 
acid.  In  the  former  class,  phosphorus  is  united  by  means  of  oxygen; 
in  the  latter,  by  nitrogen,  {b)  and  (c)  are  polymers  of  (PO)  (NH)  (OH) 
while  (d)  is  a  polymer  of  an  acid  N  E:  P(OH)2,  which  we  may  call  phos- 
phonitrilic  acid.  Acids  of  the  type  (c)  I  call  or-metaphosphimic  acids, 
and  those  of  the  type  (d),  j;phosphonitrilic  acids.^ 

In  the  chlorides  P3N3GI6  and  P4N4OI8,  phosphorus  must  be  united  by 
means  of  nitrogen^  (in  the  absence  of  oxygen);  hence  also  in  all  prob- 
ability in  the  acids  derived  from  them.  The  direct  replacement  of 
chlorine  by  hydroxyl  would  result  in  phosphonitrilic  acids,  but  as  the 
type  (c)  is  equally  plausible,  in  the  absence  of  definite  experimental 
grounds,  I  call  them,  provisionally,  metaphosphimic  acids.  For  the 
chlorides  themselves,  instead  of  the  old  term  chlorophosphuret  of 
nitrogen,  which  is  no  longer  characteristic,  the  more  definite  names 
tri-  and  tetraphosphonitrilic  chloride  may  be  used. 

Experimental  Part. 

Preparation  of  the  chlorides. — The  theoretical  yield  of  tripliosi)ho- 
nitrilic  chloride  is  55.5  per  cent  of  the  phosphorus  pentachloride;  in 
reality,  it  falls  far  below  this,  no  matter  what  process  may  be  employed, 
and  at  best  is  but  a  by-product.     Gladstone^  states  the  yield  as 

1  Am.  Cbem.  Jour.,  V6L  XVI,  p.  124,  note. 
*Is  =  mono-,  di-,  tri*,  eto. 

*  Unlesa  we  asanme  P  to  be  Joined  to  P,  and  N  to  K,  a  view  which  is  not  supported  by  their  general 
behaTior. 
«  Quart  Joar.  Oh«m.  Soe.  London,  VoL  III,  p.  136 ;  Ann.  Chem.  (Liebig),  Vol.  LXX VI,  p.  78. 
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aboat  6  per  cent  of  the  pentachloride  (11  per  cent  of  the  theoretical), 
when  1  molecular  weight  is  distilled  with  8  molecular  weights  ammo- 
nium chloride.  Couldridge'  obtained  by  a  similar  method  a  maxi- 
mum yield  of  10  per  cent  of  the  pentachloride  (18  per  cent  of  the  the- 
oretical). As  a  large  excess  of  ammonium  chloride  is  used,  much 
^^phospham"  is  formed.  A  modification  by  Gladstone  and  Holmes,' 
consisting  iu  acting  on  the  pentachloride  with  mercuric  chloramide, 
gave  no  better  results. 

I  made  numerous  experiments  in  sealed  tubes  at  200O-.26(P,  using  sal 
ammoniac  and  pentachloride  in  theoretical  proportions.  In  this  case 
there  is  no  formation  of  ^^phospham,"  but  the  yield  of  the  desired  body 
is  not  increased — in  fact,  seems  to  be  even  less  than  by  distilling  with 
an  excess  of  ammonium  chloride  from  an  open  retort.  What  results  is  a 
mixture  of  chloronitrides,  largely  crystalline,  but  of  various  degrees 
of  solubility  and  stability  toward  water,  of  which  but  a  very  small 
portion  is  volatile  with  steam.  A  study  of  this  mixture  would,  in 
all  probability,  lead  to  the  discovery  of  other  members  of  the  series 
(PNCl^).. 

I  finally  adopted  a  slight  modification  of  Gladstone's  original  method : 
A  mixture  (which  need  not  be  very  intimate)  of  1  part  i>entiVchloride 
and  2  parts  dry  ammonium  chloride  is  rapidly  heated  in  a  tubulated 
retort  (one-third  filled)  fitted  to  a  receiver  containing  water,  which  is 
connected  with  one  or  two  Woulff's  bottles,  with  water,  to  condense  the 
small  portions  carried  over  with  the  escaping  hydrochloric  acid.  The 
water  in  the  receiver  should  be  gently  agitated  occasionally  in  order 
to  break  up  the  crust  forming  on  the  surface.  When  the  decomposition 
is  about  half  finished  the  heating  is  interrupted  and  the  hard  cake  of 
phospham  and  sal  ammoniac  turned  over  with  a  rod  inserted  through 
the  tubulure;  this  is  necessary,  as  it  is  so  poor  a  conductor  that  the 
bottom  of  the  retort  melts  before  the  upper  portions  of  the  cake  are 
afiPected.  Heating  must  not  be  continued  too  long,  because  the  sub- 
liming ammonium  chloride  acts  on  the  chlorides  condensed  in  the  neck 
of  the  retort.  After  cooling,  the  substances  condensed  in  the  neck  are 
removed  by  scraping  and  injecting  hot  water  through  the  tubulure. 
The  yield  varies  considerably,  according  to  the  quantity  of  mixture 
taken  ,*  the  less  the  amount,  the  greater  the  yield.  I  have  obtained  as 
high  as  11.5  per  cent.  Practically  it  is  not  desirable  to  push  this  too 
far,  and  I  have  obtained  the  most  satisfactory  results  by  distilling  200 
grams  of  mixture  at  a  time.  The  proportion  of  ammonium  chloride 
should  not  be  less  than  2  parts;  otherwise  much  pentachloride  sublimes 
unchanged.  The  distillate,  aft^r  washing  with  water,  is  by  no  means 
pure  triphosphonitrilic  chloride;  it  is  a  mixture  of  chlorides,  of  which 
about  one-half  is  quite  stable  toward  cold  water,  but  decomposed  on 
distilling  with  steam.  During  this  operation  nearly  all  the  triphos- 
phonitrilic chloride,  P3N3OI6,  is  deposited  as  a  hard  crust  in  the  con- 


>Jour.  Obem.  Soo.  Lomlon,  Vol.  LlII,  p.  399.  '  IMil.  [2],  Vol.  II,  p.  227. 
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denser.  .Distillation  is  continued  only  as  long  as  macli  substance 
passes  over;. during  the  later  stages  large  needles — mainly  the  new 
chloride,  P4N4Cl8^slow]y  collect  in  the  condenser.  There  remain  in  the 
flask,  besides  a  strongly  acid  liquid,  a  little  solid  material,  consisting 
partly  of  phospham,  partly  of  the  crystalline  acid  ammonium  tetra- 
metaphosphimate,  P4N408n6(NH4)2,  and  a  considerable  amount  of  oil, 
which  solidifies,  on  cooling,  to  a  crystalline  cake  of  the  comx>ound 
P4N4CI8,  impregnated  with  an  oil  of  the  same  empirical  composition. 

The  distillate,  consisting  of  triphosphonitrilic  chloride,  mixed  with 
about  5  per  cent  of  tetraphosphonitrilic  chloride,  is  dried,  and  an 
approximate  separation  effected  by  systematic  recrystallization  from 
benzene.  This  solvent  has  proved  the  most  satisfactory,  because  the 
chlorides,  in  benzene  solution,  are  scarcely  affected  by  water,  and  no 
care  need  be  taken  to  exclude  it  completely;  aqueous  ether,  on  the  con- 
trary, acts  with  considerable  ease.  The  triphosphonitrilic  chloride  is 
pure  after  three  or  four  recrystallizations,  the  tetraphosphonitrilic 
chloride  accumulating  in  the  mother  liquors,  the  residues  from  which 
are  again  subjected  to  distillation  with  steam,  the  substance  remaining 
in  the  flask  being  added  to  the  first  residue. 

Apart  from  its  influence  on  the  melting  point,  the  presence  of  very 
small  quantities  of  the  new  body  in  the  triphoai>honitrilic  chloride  is 
readily  detected  by  dissolving  in  alcohol  free  ether  and  agitating  for 
several  hours  with  a  little  water,  the  tetraphosphonitrilic  chloride  being 
indicated  by  the  formation  in  the  water  of  microscopic  needles  of  the 
difficultly  soluble  tetrametaphosphimic  acid. 

The  residue  from  the  distillation  with  steam  is  sucked  out,  whereby 
most  of  the  oily  chloride  runs  through  with  the  water,  and  may  be  col- 
lected. The  substance  is  then  dried,  the  tetraphosphonitrilic  chloride 
extracted  with  benzene  and  purified  by  several  recrystallizations  from 
this  solvent.  The  residue  left  by  the  benzene,  treated  with  dilute 
ammonia,  leaves  amorphous  substances,  and  gives  up  tetrametaphos- 
phimic acid,  which  is  thrown  down,  on  acidifying,  as  its  acid  ammonium 
salt.  It  may  be  mentioned  here  that  the  affinity  of  this  acid  for  ammo- 
nia is  such  that  its  acid  salt  remains  undecom  posed  even  in  large  excess 
of  hot  10  -per  cent  nitric  acid. 

The  yield  of  pure  chlorides  (from  9  kilograms  of  phosphorus  pentachlo- 
ride)  was  P3N3CI6,  6.9  per  cent  of  the  pentachloride,  P4N4OI8,  0.76  per 
cent  of  the  i>entachloride,  of  which  0.42  per  cent  was  obtained  firom  the 
residue  and  0.34  per  cent  from  the  crude  steam  distillate;  these  are 
respectively  12.4  and  1.4  per  cent  of  the  theoretical.  A  further  small 
amount  of  tetraphosphonitrilic  chloride  was  decomposed  during  distil- 
lation and,  in  i>art,  recovered  as  tetrametaphosphimic  acid.  The  yield 
of  oily  chloride  was  not  determined,  but  it  was  approximately  1  per 
cent  of  the  pentachloride. 

It  is  not  eaoy  to  give  a  reason  for  the  relatively  much  higher  yield  of 
the  triple  phosphonitrilic  chloride.    Doubtless  more  of  the  quadru\^lQ 
BuU.  1«7 6 
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compound  is  formed  than  is  actually  obtained,  which,  because  of  its 
less  volatility,  fails  to  distill  over  before  it  is  attacked  by  the  ammo- 
nium chloride,  and  I  have  also  mentioned  the  simultaneous  formation 
of  large  quantities  of  chlorides,  unacted  on  by  cold,  but  decomposed 
by  boiling  water.  Still,  it  seems  that  there  is  some  cause  leading  to 
the  predominant  formation  and  greater  stability  of  this  body,  perhaps 
analogous  to  that  acting  in  the  case  of  the  aromatic  hydrocarbons.  The 
proof  that  P3N3GI6  is  a  cyclic  compound  has  not  been  found,  but  the 
occurrence  of  the  number  6  in  each  case  (G^  and  P3N3)  is  possibly  more 
than  a  mere  coincidence.  I'etraphosphonitrilic  chloride  is  also  possessed 
of  great  stability,  but  I  have  observed,  in  various  connections,  that  its 
chlorine  is  less  firmly  held  than  in  the  triple  compound.  The  reverse 
appears  to  be  true  of  the  derived  acids,  P4N4O8H8  being  more  stable 
than  PsNaOeHfi. 

Analytical  methods. — The  analysis  of  these  bodies  presents  no  diffi- 
culty. The  chlorides,  which  volatilize  on  heating,  are  gently  warmed 
with  dUute  alcoholic  soda  or  potash.  In  this  solution  chlorine  is 
directly  determined  as  silver  chloride;  phosphorus  is  determined  after 
evai)orating  off  the  alcohol,  either  by  fusing  the  residue  with  sodium 
carbonate  or  by  boiling  for  one  or  two  hours  with  strong  sulphuric  acid, 
either  of  which  converts  it  wholly  into  phosphoric  acid.  Nitrogen  is 
determined  as  ammonia  after  acidifying  the  saponification  product  with 
hydrochloric  acid,  evaporating  the  alcohol,  and  boiling  the  residue  with 
strong  sulphuric  acid.  Experiment  showed  that  no  ammonia  is  evolved 
during  saponification.  In  the  caset>f  the  acids  and  other  nonvolatile 
derivatives,  the  alcoholic  saponification  is  omitted  and  the  substance 
decomposed  either  by  boiling  with  concentrated  sulphuric  acid,  or 
fusing  with  sodium  carbonate,  the  precaution  being  taken  in  the  latter 
case  first  to  moisten  the  mixture  in  the  crucible.  Owing  to  the  strong 
reducing  action  of  the  imido  group  at  high  temperatures,  these  sub- 
stances can  not  be  fused  alone  in  platinum  without  risk  to  the  crucible. 
This  is  true  even  of  the  salts,  which  should  give  pyro-  or  metaphos- 
phates  on  ignition. 

The  chlorides, — As  triphosphonitrilic  chloride  has  been  the  object  of 
previous  investigation,  and  as  I  have  begun  several  lines  of  investiga- 
tion with  the  object  of  explaining  its  nature  and  relations,  I  state  here 
only  a  few  incidental  observations. 

This  chloride,  as  was  early  observed,  has  great  crystallizing  x>ower. 
The  rhombic  crystals  have  been  measured  by  Miller'  and  by  Groth.' 
When  pure  it  tends  to  form  large,  thick  prisms.  I  have  obtained  these 
(from  benzene)  as  much  as  8  centimeters  long  and  2  centimeters  wide, 
their  further  growth  being  hindered  only  by  the  size  of  the  flask.  When 
impure,  it  tends  to  form  rhombic  or  Gsided  plates.  It  fuses  at  114^  (oorr.), 
while  the  quadruple  chloride,  P4  N4  Gig,  fuses  at  123.5^  (oorr.),  but  a 

1  Jonr.  Chem.  Soo.  London  [2],  Vol.  II,  p.  227. 
*Ber.  DeutAch  chem.  OeHoU.,  Berlin,  Vol.  Ill,  p.  100. 
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mixture  of  equal  parts  is  liquid  below  90^.  The  corrected  boiling 
X>oint  is  256.5^  at  760  millimeters  pressure.  Besides  tbe  solvents  else 
where  mentioned  (for  some  of  which  quantitative  data  are  given  below), 
warm  glacial  acetic  acid  dissolves  it  readily.  On  boiling  this  solntion 
with  zinc  dust  some  phosphnretted  hydrogen  is  evolved.  Hot  concen- 
trated sulphuric  acid  dissolves  it  easily.  On  boiling,  some  is  decom- 
posed, but  the  greater  part  distills  off  unaltered.  Tbe  rather  pleasant 
aromatic  odor  of  its  vapor  has  long  been  known.  Although  this  is  by 
no  means  irritating,  inhaling  it  in  any  considerable  amount  is  likely  to 
be  foUowed  in  two  or  three  hours  by  alarming  difficulty  in  breathing, 
succeeded  by  persistent  irritation  of  the  air  passages.  This  insidious 
pro])erty  renders  care  necessary  in  working  with  it  in  large  quantities 
or  for  extended  periods,  all  the  more  as  the  nose  is  the  best  instrument 
for  detecting  it. 

A  vapor- density  determination  by  Victor  Meyer's  method  at  360^  in 
dry  hydrogen  gave  12.35  (calculated  12.01).  The  volatilization  is  com- 
plete, but  on  long  boiling  in  air  a  little  solid  substance  is  deposited. 
Ethyl  bromide  and  sodium  are  without  action  on  the  ethereal  solution. 
Brombenzene  and  sodium  acts  slowly  on  the  ether  or  benzene  solution, 
forming  a  mixture  of  brownish  amorphous  organic  substances,  in  part 
S4)]uble,  in  part  insoluble  in  ether,  in  which  only  a  portion  of  the 
chlorine  is  replaced.    No  smooth  reaction  could  be  obtained. 

Zinc  ethyly  as  observed  by  Gouldridge,^  is  without  action  at  ordinary 
temperature.  On  heating  together  in  a  sealed  tube  a  violent  reaction 
occurs,  accompanied  by  liberation  of  gas  and  carbonization.  If  the 
zinc  ethyl  be  diluted  with  2  volumes  benzene,  a  mixture  of  complex 
addition  products  is  formed  on  heating,  which  are  left  on  evaporating 
as  a  no  longer  soluble  white  vitreous  mass,  containing  zinc,  phosphorus, 
nitrogen,  chlorine,  and  ethyl.  This  is  decomposed  by  caustic  x)ota8h, 
which  liberates  a  mixture  of  oily  bases  of  a  disagreeable,  sweetish  odor, 
which  are  for  the  greater  part  decomposed  on  distillation,  and  which 
dissolve  in  cold  water,  and  are  thrown  out  on  warming.  These  are 
slowly  decomposed,  on  heating  with  hydrochloric  ^acid,  into  ammonia 
and  what  appear  to  be  highly  complex  phosphinic  acids,  containing 
nitrogen.  At  170^  considerable  quantities  of  combustible  gases,  and 
of  mono-,  di-,  and  triethyl  pbosphine  are  formed  by  the  action  of  zinc 
ethyl,  in  addition  to  a  small  amount  of  a  crystalline  basic  substance 
containing  nitrogen,  and  showing  much  the  same  properties  as  the  oily 
substances  alluded  to.    The  yield  was  very  minute. 

Action  of  water  on  triphoaphonitrilic  chloride. — By  decomposing  chlo- 
rophosphuret  of  nitrogen  with  aqueous  ether,^orwith  alcoholic  alkalies,^ 
Gladstone  obtained  a  substance  which  he  named  deutazophosphoric 

>  Jonr.  Chem.  Soo.  London,  Vol.  LIII,  p.  898. 

•Qnart.  Joor.Cbem.  Soc.  London,  Vol.  Ill,  pp.  135,  354;  Ann.  Cbem.  (Liebig),  Vol.  LXXVI,  p.  79; 
VoLLXXVII,p.315. 
*  Jonr.  Cbem.  Soc.  London,  12],  VoL  II,  p.  231. 
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acid.    He  afterwards  obtained  this  in  larger  quantity  by  treating  phos- 
phorus oxychloride  with  dry  ammonia,  and  assigned  to  it  the  formula 


»< 


PO  (OH)  NHa 
PO  (OH)  NHa' 


and  the  name  pyrophosphodiamic  acid.    The  formation  of  such  an 
acid  can  only  be  due  to  a  deep  decomposition  of  the  molecule. 

Although  unacted  on  by  water  alone  or  by  anhydrous  ether  alone,  I 
have  found  that  a  smooth  decomposition  is  easily  effected  by  dissolving 
the  chlorophosphuret  in  alcohol-free  ether,  and  shaking  this  solution  a 
long  time  with  water,  whereby  intimate  contact  is  effected.  The  final 
products  are  hydrochloric  acid  and  an  acid  in  which  the  chlorine  is 
wholly  replaced  by  oxygen  and  hydrogen,  without  further  change.  I 
have  named  this  substance,  PsNsOeSU,  trimetaphosphimic  acid.^  If  the 
water  contain  bases  or  acetates  in  solution,  the  salts  are  directly 
obtained.  As  the  acid  will  be  described  in  a  separate  section,  I  mention 
here  only  that  it  is  extremely  soluble  and  totally  devoid  of  crystallizing 
power,  but  forms  some  salts  of  characteristic  crystalline  form,  and  has 
a  strong  tendency  to  form  double  salts,  one  of  these,  PsNsOeHaNaBa, 
giving  especially  fine  crystals. 

As  intermediate  products,  chlorhydrines  have  been  observed.  Theo- 
retically, five  of  these  are  possible,  one  of  which  I  have  isolated,  namely : 

Triphosphonitrilic  tetrcushlorhydrine^  PaNsCUOaHg. — One  part  triphos- 
phonitrilic  chloride  is  dissolved  in  10  parts  alcohol-free  ether,  and  the 
solution  agitated  with  about  one-third  its  volume  of  water  for  six  to 
eight  hours,  best  by  means  of  a  small  turbine.  The  water  then  con- 
tains hydrochloric  acid  and  trimetaphosphimic  acid,  and  the  ether 
contains  the  chlorhydrines  and  unchanged  chloride.  The  ether  is 
dried  over  calcium  chloride,  and  the  greater  part  distilled  off  in  the 
water  bath,  the  latter  portions  being  removed  at  ordinary  temi)era- 
ture  by  a  current  of  dry  air.  The  residue  consists  of  unchanged 
chloride,  the  chlorhydrine  in  question,  and  small  quantities  of  others. 
The  greater  part  of  the  chloride  is  removed  by  a  little  benzene,  and 
the  residual  chlorhydrine  well  washed  with  carbon  disulphide.  The 
yield  depends  somewhat  on  the  time  the  water  has  acted,  but  as  there 
is  a  continuous  convefrsion  of  chloride  into  chlorhydrine,  and  of  the 
latter  into  trimetaphosphimic  acid,  the  amount  present  at  any  one 
time  is  not  great.  Under  the  above  conditions  it  was,  about  10  per 
cent  of  the  theoretical,  ftilly  one-half  the  chloride  being  recovered. 


1  Aocording  to  Hente  (Ann.  Chem.  (Llebig).  VoL  CCXLVIII,  pp.  241, 244),  01adstoiie*fl  pyrophospbo- 

PO.OH 
diamicaoid  is  roally  NH^^NH,  i.  e.,  dlmetaphosphimio  acid,  which  has  the  same  empirioal  oomposl- 

PO.OH 
tion  as  trimetaphosphimio  aoid.    Mente  did  not  obtain  his  aoid  ftom  triphoephonitrilio  ohloiide,  but 
from  pho«ph<Hnx8  oxychloride,  and  it  is  not  clear  that  it  is  really  identical  with  Gladstone's  aoid  ftom 
chlorophosphuret  of  nitrogen.    The  independent  existence  and  stability  of  the  tetra-aoid  aflEnds  a 
/assumption  that  other  members  of  the  series  can  exist  alaa 
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Analysis  gave: 


/ 

OalonUitedfor 
PiNaCUCH,. 

Found. 

1. 

2. 

3. 

p 

39.94 
13.54 
45.59 

30.00 
13.74 
48.18 

30.04 

N 

CI 

45.38 

48.37 

2.  P:N:C1  =  3: 3.03:4.20.    3.  P:  CI  =3: 4.23. 

1,  2,  and  3  represent  different  preparations,  1  having  been  ftirther 
purified  by  recrystallizing  from  benzene. 

The  chlorhydrine  forms  a  white  sandy  powder,  consisting  of  well- 
defined  microscopic  prisms.  It  is  very  difficultly  soluble  in  boiling 
benzene,  and  is  insoluble  in  benzine  and  in  carbon  disulphide.  With 
the  latter  it  shows  a  peculiar  behavior.  Its  refractive  index  is  such 
that  it  nearly  vanishes  and  apparently  dissolves  when  brought  into 
the  disulphide;  on  decanting  the  liquid  the  moist  powder  shows  bean- 
tiful  iridescence.  Alcohol  dissolves  it  easily  and  in  ether  it  is  much 
more  soluble  than  the  original  chloride,  the  presence  of  a  trace  of  ether 
vapor  causing  it  to  liquefy  instantly.  Water  dissolves  it  somewhat 
slowly,  but  abundantly,  the  solution  containing  hydrochloric  acid  and 
trimetaphosphiinic  acid,  the  latter  being  lefb  on  rapid  evaporation  on 
the  water  bath  or  in  vacuo,  as  a  transparent,  easily  soluble,  gummy 
residue.  From  the  aqueous  solution  of  the  chlorhydrine,  salts  of 
trimetaphosphimic  acid  were  directly  prepared  and  analyzed.  The 
chlorhydrine  is  quite  stable  in  the  air  at  ord,inary  temperature,^  but  on 
heating  at  lOO^  it  slowly  increases  in  weight  through  absorption  of 
moisture,  undergoing  decomposition  with  formation  of  ammonium 
chloride.  It  shows  no  definite  melting  point,  but,  on  rapid  heating, 
liquefies  imperfectly,  gives  off  hydrochloric  acid,  and  leaves  a  mixture 
of  amorphous  substances  of  different  degrees  of  solubility  in  water. 

Other  chlorhydrines,  partly  crystalline,  api>ear  to  be  formed  simulta- 
neously, but  in  relatively  small  amount,  and  their  isolation  is  attended 
with  difficulties.  Whether  the  2  chlorine  atoms  removed  are  associ- 
ated with  the  same  or  with  different  phosphorus  atoms  remains  to  be 
determined. 

TriphosphonitriUo  oftloromuie,  P3N30]4(NHs)s. — The  tendency  to  the 
ibrmation  of  stable  bodies  in  which  one-third  of  the  chlorine  is  substi- 
tuted, observed  in  the  case  of  the  chlorhydrine,  appears  if  triphospho- 
nitrilic  chloride  be  acted  on  in  ether  solution  by  ammonia.  Gaseous  am- 
monia may  be  used,  but  this  is  by  no  means  necessary,  aqueous  ammonia 
producing  the  same  result.    If  the  chloride  be  dissolved  in  ether  and 


>  On  kfleplng  tor  several  montha,  a  alight  furmation  of  ammonium  aalU  wm  obewved. 
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shakeu  a  short  time  with  10  per  cent  ammonia,  but  one  amide  appears 
to  be  formed.  As  soon  as  a  few  drops  of  the  ether  solution  leave,  on 
evaporation,  a  re8idae  completely  solnble  in  hot  water,  indicating  com- 
plete transformation  of  the  chloride,  it  is  dried  over  calciam  chloride 
and  allowed  to  evaporate  spontaneously,  whereby  a  substance  crystal- 
lizing in  needles  is  deposited.  The  product,  which  appeared  homo- 
geneous on  microscopic  examination,  was  directly  analyzed. 


P 

N. 
CI 


Caloalated  for 


30.12 
22.72 
45.86 


Foand. 


29.51 
21.98 
44.83 


P:N:C1  =  3:4.94:3.98. 


The  yield  was  67  per  cent  of  the  theoretical,  some  of  the  chloride 
having  been  further  decomposed  and  dissolved  by  the  ammonia. 

Triphosphonitrilio  chloramide  is  quite  soluble  in  ether,  and  less  solu- 
ble in  hot  benzene,  from  which  it  crystallizes  in  long  tufts  of  delicate 
hairs.  It  is  easily  soluble  in  alcohol,  and  from  the  concentrated  alcoholic 
solution  it  is  precipitated  by  water.  Its  stability  toward  water  is 
striking;  cold  water  dissolves  it  slightly,  and,  on  rapid  evaporation, 
even  on  the  water  bath,  much  is  deposited  unaltered;  it  can  even  be 
recrystallized  from  hot  water,  though  with  much  decomposition,  in 
needles  or  short  prisms.  Its  stability  in  aqueous  solution  is  ftirther 
indicated  by  the  failure  of  silver  nitrate  to  give  a  precipitate  except  on 
boiling.  Aqueous  ammonia  has  but  little  action  in  the  cold.  On  heat- 
ing its  aqueous  solution,  ammonium  chloride  and  a  sirupy  acid  result. 
Gold  dilute  acids  have  no  marked  solvent  action.  It  undergoes  change 
gradually  at  ordinary  temperature,  and  rapidly  on  heating,  without 
ftising,  ammonium  chloride  and  an  invisible  white  substance  being  the 
products  in  the  latter  case. 

Gouldridge,^  by  acting  on  fused  triphosphonitrilio  chloride  with 
gaseous  ammonia,  obtained  a  substance  which  he  regarded  as  plios- 
pham.  Both  Gouldridge  and  A.  W.  Hofmann^  express  the  opinion 
that  phospham  has  the  comx)osition  expressed  by  the  formula  P3N3(KII)3. 
I  regard  this  as  too  sweeping.  Apart  from  the  fact  that  its  com- 
position varies  with  the  mode  of  preparation,^  it  is  likely  that  the  true 
phospham  is  a  mixture  of  an  homologous  series  of  imides  (PN.NE)x, 
derivable  from  the  homologous  phosphonitrilic  chlorides  (PNGU)^. 

Tetraphosphonitrilic  chloride^  P4N4GI8. — The  new  chlorophosphuret  of 


'  Jour.  Chero.  Soo.  London,  VoL  LIU,  p.  398. 

•  Ber.  Deutocb.  cheni.  Geaoll.,  Berlin.  Vol.  XVII,  p.  1911. 

'  Salsmann  :  Ber.  Deatsch.  cheni.  GeAell..  Berlin,  Vol.  VII,p.  494. 
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nitrogen,  prepared  as  above  described,  gave  the  following  results  on 
analysis: 


CalonlAted  for 
P4N4CI.. 

Found. 

1. 

2. 

p 

26.77 
12.11 
61.12 

26.89 
12.36 
61.17 

27.00 
12.36 
61.28 

N 

CI 

1.  P:N:C1  =  1:1.01:1.99.    2.  P:N:C1  =  1: 1.01: 1.99. 
1  and  2  represent  different  preparations. 

The  vapor  density,  determined   by  Victor  Meyer's  method,  in  dry 
hydrogen  at  360^,  was : 


Csloalated  for 
P4N4CI,. 

Found. 

Density 

16.03 

16.20 

I  am  indebted  to  Mr.  B.  H.  Hite,  of  the  Johns  Hopkins  University, 
for  a  series  of  determinations  of  the  molecular  weiglit  by  the  ebulli- 
oscopic  method.    The  following  is  his  statement  of  the  results: 

Solvent:  Benzene.    Molecular  elevation,  26.7. 

Substance  (PNCh),. 


Gnuna  sol- 
Tent. 

OMunA  Bub- 
Btanoe.    . 

Concentra- 
tion. 

Rlevation 
(degreea). 

Molecolar 
weight 
found. 

Percentage 
variation 
from  464. 

37.618 
37.618 
37.987 

1.1620 
1.4820 
1.1107 

3.09 
3.94 
2.92 

0.177 
.227 
.167 

.466 
463 
467 

.fO.4 
—  .2 
+  .7 

These  results  agree  well  with  the  quadruple  formula. 

The  following  table  gives  some  of  the  constants  compared  with  those 

of  PjNaCU. 


Specific  gravity '  a  1.98 

Melting  point  (corrected) ^  114^ 

Boiling    point    (760    mm.   pressare;  ! 
thermometer  wholly  in  vapor),  de-  j 

grees 256.5 

100  parts  ether  at  20^  dissolve 46.5 

1(X)  parts  benzene  at  20^  d  issol ve i        57. 4 


P4N4CI,. 


(2.18 

123.5" 

328.5 

12.3 

20.9 

a  Oladatone. 


6  At 


240 
340 
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Tetraphosphonitrilic  chloride  forms  colorless,  brittle  prisms,  not 
easily  wet  by  water,  and  therefore  having  a  strong  tendency  to  float. 
Saperflcially,  these  are  not  always  to  be  distingaished  from  those  of 
triphosphonitrilic  chloride,  but  in  a  general  way  it  may  be  said  that 
they  tend  to  be  much  smaller,  and  are  to  be  measured  by  millime 
ters  rather  than  centimeters,  and  that  they  tend  to  vary  toward  an 
acicular  rather  than  a  tabular  form.  In  alcohol  and  in  benzene  it  is 
much  less  soluble  than  PsNsGIr.  Hot  concentrated  sulphuric  acid  dis- 
solves it,  and,  oh  boiling,  much  hydrochloric  acid  is  evolved,  but  some 
of  the  substance  sublimes  out  unchanged.  It  may  be  recrystallized 
from  glacial  acetic  add;  on  boiling  this  solution  with  zinc  dust  a  little 
hydrogen  phosphide  is  given  off,  and  the  solution  contains  ammonia. 
It  is  noticeably  volatile  at  its  fusing  xK)int,  its  vapor  having  an  odor 
suggesting,  but  perceptibly  differing  ftt)m,  that  of  triphosphonitrilic 
chloride,  and  less  aromatic.  The  fused  substance  solidifies  to  a  mass  of 
nearly  parallel  needles,  while  triphosphonitrilic  chloride  gives  trans- 
parent plates.  As  mentioned  above,  its  volatility  with  steam  is  com- 
paratively slight.  If  boiled  for  some  time  in  contact  with  air,  a  minute 
amount  of  substance  is  formed,  which  swells  enormously  to  a  clear 
gelatinous  mass  in  benzene.  Alcohol  converts  it  slowly  into  an  oily 
ether,  which  aqueous  ammonia,  on  warming,  saponifies  to  tetrameta- 
phosphimic  acid. 

Action  of  water  on  tetraphosphonitrilic  chloride. — In  its  chemical 
behavior  it  resembles  triphosphonitrilic  chloride.  It  is  scarcely  act«d 
on  by  boiling  water,  yet  on  prolonged  boiling  a  minute  amount  of  tetra- 
metaphosphimic  acid  is  formed;  aqueous  fixed  alkalies  are  without 
perceptible  action,  while  alcoholic  alkalies  decompose  it  easily,  but  the 
product  is  mainly  something  else  than  tetrametaphosphimic  acid. 

A  smooth  decomposition  is  effected  by  dissolving  in  ether  and  shak- 
ing protractedly  with  water.  The  first  products  of  this  action  consist 
of  clilorhydrines,  which  remain  dissolved  in  the  ether,  are  crystalline, 
and  readily  soluble  in  cold  water,  from  which  solution  tetrametaphos- 
phimic acid  is  rapidly  deposited  in  the  form  of  thick  needles;  the  same 
acid  is  the  final  product  of  the  action  of  water  on  the  ether  solution. 

The  action  of  water  proceeds  rather  more  rapidly  than  in  case  of 
triphosphonitrilic  chloride,  but  many  days  are  required  for  complete 
decomposition.  The  small  amount  of  material  at  present  in  my  pos- 
session made  it  unadvisable  to  attempt  to  isolate  any  of  the  chlorhy- 
drines,  of  which  seven  are  theoretically  possible. 

Tetrametaphosphimic  acidj  P4N4O8H8  +  2H3O,  will  be  described  in  a 
separate  section.  It  may  be  remarked  here  preliminaiily  that  it  has 
highly  characteristic  properties,  is  highly  crystalline,  very  difftcultly 
soluble  in  cold  water,  and  much  less  soluble  in  dilute  acids;  that  it 
readily  decomposes  soluble  chlorides,  nitrates,  and  sulphates,  and  gives 
three  series  of  salts,  in  which,  respectively,  one- fourth,  one  half,  and  all 
the  hydrogen  is  replaced  by  metal ;  many  of  these  show  characteristic 
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forms.  The  free  acid  far  surpasses  the  metaphosphoric  acids  in  stability, 
and  may  be  boiled  for  hours  ¥rith  nitric  acid  or  aqua  regia  without 
much  decomposition. 

Tetraphosphonitrilic  chloride  is  readily  extracted  from  its  ethereal 
solution  by  aqueous  ammonia,  the  ammoniacal  solution  giving  tetra 
metaphosphimic  acid  on  warming  with  hydrochloric  acid.    No  clear 
evidence  of  the  formation  of  chloramides  has  yet  been  observed. 

Oily  phasphanitrilic  chloride. — ^This  substance,  obtained  from  the  resi- 
dues as  above  stated,  is  possibly  a  mixture.  It  is  scarcely  volatile 
without  decomposition,  not  volatile  ¥rith  steam,  and  not  acted  on  by 
water,  except  in  ethereal  solution,  when  a  moderately  soluble  phos- 
phimic  add  is  slowly  formed,  which  crystallizes  in  needles,  and  decom- 
poses on  warming  with  water  into  tetrametaphosphimic  acid  and 
ammonium  phosphate.    The  analysis  gave: 


P 

N 
CI 


Calonlatod  for 
(PNCl,).. 


26.77 
12.11 
61.12 


Found. 


26.73 
12.09 
61.89 


P:N:C1=1: 1:2.03. 

a.  ON  TRIMETAPH08PHIMIC  ACID  AND  ITS  DECOMPOSITION 

PRODUCTS. 

In  the  preceding  section  of  this  paper  I  mentioned,  by  way  of  pre- 
liminary notice,  that  Liebig's  chloronitride,  P3N3CI6,  by  appropriate 
treatment  gives  an  acid,  PsNsOeHe,  to  which  I  gave  the  name  trimeta- 
phosphimic  acid.  The  object  of  the  present  section  is  to  describe  in 
detail  the  proi)erties  and  decomposition  products  of  this,  the  third 
member  of  the  metaphosphimic-acid  series. 

In  the  preliminary  notice  a  metaphosphimic  acid  was  defined  as  a 
metaphosphoric  acid  (P03H)n,  in  which  one-third  of  the  oxygen  is 
replaced  by  an  equivalent  of  imide  groups,  NH,  i.  e.,  (PN03H2)q.  It  was 
further  pointed  out  that  for  each  acid  of  this  formula,  with  the  excep- 
tion of  the  simplest,  at  least  four  forms  are  theoretically  possible,  two 
of  which  are  direct  substitution  products  of  the  corresponding  meta- 
phosphoric acid,  containing  a  nucleus  consisting  of  phosphorus  atoms 
united  by  oxygen,  the  other  two  belonging  to  adifiereiit  type,  in  which 
the  phosphorus  atoms  are  united  by  nitrogen.  This  was  illustrated  by 
the  acid,  PSN3O6H6,  none  of  the  forms  of  which,  it  is  true,  are  as  yet 
known  with  certainty: 

PO.NH, 


PCXNH, 

(•) 

Dhnetapbotphoryl 

amid«. 


P(NH).OH 

P(NH).QH 
ib) 


PO.OH 
NH<  >NH 
PO.OH 

(«)  . 
Dimetaphosphimic 
acid. 


P(OH), 
N<>N 

T(OH), 

(d) 
Diphoephonitrilir 
■icUl. 
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A  fifth  form  might  be  added : 

P.OH 

NH  OO  NH 
P.OH 

oontainiug  at  the  same  time  both  the  metaphosphorio  and  the  meta- 
phosphimic  nucleus. 

Schiff '  described  a  body  to  which  he  gave  the  name  phosphamin- 
saBure,  formed  by  acting  on  phosphoms  pentoxide  with  dry  ammonia, 
and  which,  according  to  his  analyses,  has  the  formula  PNOtHj.' 
According  ix)  Gladstone  and  Holmes,'  Schiff's  acid  is  probably  a  mix- 
ture of  pyrophosphodiamic  and  metaphosphorio  acids.  As  Schift'  failed 
to  publish  nitrogen  determinations  for  his  salts,  it  still  remains  a  ques- 
tion whether  a  metaphosphimic  acid  can  be  produced  in  this  way. 

Gladstone,  who  was  the  first  to  devote  much  attention  to  phosphorus 
chloronitride,  obtained  from  it  by  the  action  of  aqueous  ether  and  of 
alcoholic  alkalies^  an  acid  which  he  first  called  deutazophosphoric  acid 
and  later  pyrophosphodiamic  acid,  and  to  which  he  gave  the  formula 
P2N2O5U69  regarding  it  as  the  diamide  of  pyrophosphoric  acid.^ 

^/PO(OH)NHa 
"^PO(OH)NH,- 

While  I  am  not  prepared  to  deny  positively  the  correctness  of  the 
formula  deduced  by  Gladstone,  and  to  assert  that  no  such  acid  can  be 
obtained  in  this  way  from  phosphorus  chloronitride,  yet  the  facts  as 
stated  by  him  are  capable  of  another  interpretation,  namely,  that  his 
acid  is  not  the  dianiide  of  pyniphosphoric  acid,  but  trimetaphosphimic 
acid. 

It  will  be  seen  that 

P8N8O6H4M',  =  P9Ni04H«M',  +  HgO, 
Pyrophospbodiamate, 

the  latter  being  identical  in  empirical  composition  with  P3N306H3M'3+ 
li^HaO,  i.  e.,  a  trimetaphosphimate  with  l^HaO.  Hence  the  latter,  if 
containing  this  amount  of  water,  might  be  mistaken  for  a  pyrophos- 
phodiamate.  The  only  salts  made  by  Gladstone  directly  from  the 
chloride,  P3N3GI6,  were  the  silver  and  barium  salts:  the  others  were 
made  from  a  supposed  pyrophosphodiamate  obtained  from  phosphorus 
oxychloride  and  ammonia,  and  there  is  no  proof  in  Gladstone's  papers 
of  the  identity  of  the  acids  from  both  sources.    His  figures  for  the 

I  Ann.  Chem.  (Liebig),  Vol.  CIII.  1887,  p.  168. 

*I  have  olBewbero  pointed  oat  (Amer.  Chem.  Joar.,  VoL  XV,  p.  198)  that  Schiff's  add  has  been  erro. 
neonsly  described  in  Home  of  the  reference  books  as  amidophosphoric  add,  a  body  which  I  was  the 
first  to  obtain. 

sjoar.  Chem.  Soc.  London,  [2],  Vol. II,  pp.229,  233,  235. 

4 Quart.  Jour.  Chem.  Soc.  lA>ndon,  Vol.  m,  pp.  135,  354;  Ann.  Chem.  (Liebig),  VeL  LXXVl,  p.  79; 
Vol.  LXXVn,p.315:  Jour.  Chem. .Soc.  London,  [2],  VoL  II,  p.  231. 

*Jonr.  Chem.  Soc.  London,  [2],  VoL  VI,  p.  69. 
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barium  saH  were,  as  he  admits,  not  satisfactory,  while  the  analyses 
of  the  silver  salt  were  made  with  a  crude  preparation,  for  the  purity 
of  which  there  is  no  guaranty.  I  have  myself  found  that  barium  trimeta- 
phosphimate  varies  considerably  in  composition,  contains  water,  and  is 
hygroscopic.  Sodium  trimetaphosphimate  is  the  only  well-defined 
substance  I  have  been  able  to  obtain  by  decomposing  the  chloroiiitride 
by  alcoholic  soda,  and  the  salt  is  so  characteristic  as  hardly  to  be  mis- 
taken. It  seems  quite  possible,  therefore,  that  Gladstone  actually  had 
crude  trimetaphosphimic  acid  in  hand  and  failed  to  recognize  its  true 
nature  only  because  of  the  unfortunate  selection  of  salts  which  are 
amorphous,  hydrated,  and  difficult  to  obtain  pure. 

In  a  paper  of  much  later  date  Mente^  described  several  acids 
obtained  by  the  successive  action  of  ammonium  carbamate  and  water 
on  phosphorus  oxychloride.    Among  them  is  one  to  which  he  gave  the 

PO.OH 
name  diimidodiphosphoric  add  and  the  formula  NH  <  >  NH,  and  which 

PO.OH 

he  regards  as  identical  with  Oladstone's  pyrophosphodiamic  acid. 
If  Mente's  formula  is  correct,  it  is  the  second  or  diraetaphosphimic 
acid.  I  have  been  unable  to  repeat  Mente's  work,  and  his  data  are  too 
meager  to  admit  of  a  positive  conclusion,  either  as  to  its  molecular 
^«  eight  or  even  its  empirical  composition,  but  it  appears  not  to  be 
identical  with  trimetaphosphimic  acid. 

Constitution  of  trimetaphosphimic  acid. — Although  trimetaphosphimic 
acid  is  an  uncrystallizable  and  unstable  body,  it  forms  stable  salts, 
several  of  which  crystallize  in  characteristic  forms.  Three  atoms  of 
hydrogen  are  replaceable  by  alkali  metals,  while  silver  is  able  to  replace 
either  3  or  6.    The  following  are  the  most  noteworthy : 

PsNsOoHsNaa-KHaO— Rhombic  piisms. 
PsNaOeHsNas-f-HfO — Slender  prismB. 
P3N30riH3(NH^)3-|-HaO— Scales. 
PsNsOHKiNaBa-fliHsO— Rhombohedra. 
PsNaOt^HiAga — Monoolinic  prisms. 
PNsOeAge — Two  forms,  white  and  red. 

The  first,  third,  and  fifth  serve  to  identity  the  acid.  The  tertiary 
silver  salt,  being  anhydrous  and  easily  obtained  pure,  establishes  its 
empirical  formula.  Those  salts  which  contain  water  of  crystallization 
do  not  lose  it  completely  at  any  temperature  short  of  decomposition, 
leaving  open  the  question  whether  the  acid  may  not  have  the  formula 
P3N3OTH8. 

The  constitution  of  trimetaphosphimic  acid  depends  on  that  of  the 
chlorouitride  PaNsGle*  The  structural  formula  of  the  latter  has  not  yet 
been  definitely  established,  but  the  following  data  are  available.  It  is 
reasonably  certain  that  in  the  chlorouitride  phosphorus  atoms  are 
united  by  nitrogen  atoms.    Its  formation  from  phosphorus  pentachlo- 


1  Ann.  Chem.  (Liebig).  VoL  OCXLVU,  1888,  pp.  289, 344. 
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ride  and  ammonia  is  beat  explained  on  this  aasiuiiplion,  as  is  its 
deoompoeitiou  into  oriiioplio^borie  acid  and  ammonia.  If  |»hoq>lioiTis 
were  nniled  to  phosphonis  and  nitrogen  to  nitrogen,  tke  Ibrmation  of 
rodndng  phoKphoric  acids  or  of  hydiadnemigiit  be  expected.  Neither 
is  it  likely  that  chlorine  is  united  to  nitrogeOf  ivr  in  ttus  case  hydroxy!- 
amine  might  be  expected  to  resnltb  Sevend  stradnral  fimnlas  are 
possible  which  meet  this  requirement,  the  simplest  being  that  in  which 
the  nndeos  consists  of  a  symmetrical  ring  of  3  pbo^ilKMiis  and  3 
nitrogen  atoms: 

PCI. 
/   \ 

N  N 


CUP  PCJ 


or  a  similar  one  with  diagonal  or  ^^  centric"  onion.  x 

Direct  replacement  of  chlorine  by  hydroxyl  would  then  give 

P(OH), 

/  \ 

N  N 

(HO),P  P(OH). 

\^ 

Triphosphonitrilio  aoid. 

The  labile  nature  of  the  hydrogen  atoms  in  nitrogenous  bodies,  as 
observed  in  many  organic  compounds,  makes  it  by  no  means  improbable 
that  an  acid  of  this  form  may  of  itself,  or  under  the  influence  of 
reagents,  undergo  transformation  into  the  tautomeric  form: 


PO.OH 

P.OH 

HN        NH 

HN  OO  NH 

HO.PO      PO.OH                   or 

flO.P     O     P.OH 

V 

W 

H 

H 

.        (6) 

(«) 

TrlmeUphotphin 

lie  aoid. 

An  acid  of  the  form  (a)  may  be  expected  to  give  two  sodium  salts  in 
which,  respectively,  3  and  6  atoms  of  hydrogen  are  replaced.  A  salt 
with  6  atoms  of  sodium  can  not  be  produced,  however,  by  any  method 
which  I  have  tried.  The  only  salt  besides  the  ordinary  one  with 
3  atoms  of  sodium  is  one  with  4  .atoms,  and  this  is  formed  in  the 
presence  of  a  large  excess  of  caustic  soda;  it  is  very  unstable  and  is 
reconverted  into  the  3-atom  salt  by  repeated  precipitation  from  aque- 
ous solution  by  alcohol.  It  is  not  obvious  why  an  acid  of  the  form  (a) 
should  give  such  a  salt.    If  we  assume  that  (6)  ropresents  the  correct 


TBIMETAPHOSPHIMIC   ACID.  98 

formalay  and  that  the  acid  is  the  syrametrical  inner  anhydrid  or  lactam 
of  an  open  chain  acid,  we  may  regard  this  salt  as  being  formed  by 
addition,  thus: 

PO.ONa  PO.ONa 

HN        NH  HN        NHa 

I  I  •+N»OH=  I  /^i^^ 

N  N 

H  H 

the  latter  being  a  salt  of  amido-diimidotriphosphorio  acid.'  Unfortn- 
nately  I  have  been  unable  to  prove  this  with  certainty.  A  silver  salt 
of  the  composition  P3N307H4Ag4  would  render  it  extremely  probable, 
as  all  silver  salts  of  phosphorus  nitrogen  acids  hitherto  observed 
are  tree  fix)m  crystal  water.  A  salt  with  4  atoms  of  silver  can  be 
obtained  from  the  above  4-atom  sodium  salt,  but  it  is  very  unstable, 
and  its  composition  does  not  agree  with  sufficient  sharpness  with  that 
of  the  cyclic  or  o^n  chain  form  to  establish  either  formula  definitely. 

I  am  therefore  inclined  to  give  preference  to  formula  (b).  It  seems 
likely,  however,  that  salts  of  triphosphonitrilic  acid  may  also  exist. 
The  hexa-silver  salt  has  been  observed  in  two  well-defined  forms,  as 
well  as  a  third,  possibly  intermediate  one.  One  of  these  is  white, 
amorphous,  and  soluble  in  ammonium  nitrate.  It  is  easily  converted 
into  the  other  of  identical  composition,  which  is  red,  crystalline,  and 
insoluble  in  the  same  reagent  The  colorless  salt  probably  contains 
silver  united  to  oxygen  only,  while  in  the  other  one- half  is  united  to 
nitrogen. 

DecampoHtian  products  of  trimeiaphosphimic  acid. — An  aqueous  solu- 
tion of  trimetaphosphimic  acid,  or  of  one  of  its  salts  acidified  with  one 
of  the  stronger  mineral  acids,  decomposes  slowly  in  the  cold,  rapidly  on 
heating,  the  ultimate  products  being  orthophosphoric  acid  and  ammonia. 
If,  however,  the  action  be  limited,  there  results  a  mixture  of  interme- 
diate acids.  The  analysis  of  this  mixture,  which  involved  many 
experimental  difficulties,  proved  the  presence  of  the  following: 

1.  Unchanged  trimetaphoephimic  aoid,  PsNgOoHe. 

2.  Diimidotriphoephorio  acid,  PsNgOgH?. 

3.  Imidodiphoaphoric  acid,'  PsNOeHt. 

4.  Pyrophoephoric  acid,  PsOtHi. 

5.  Orthophosphoric  acid,  PO4H3. 

'Theaoids  PO(OH),.0.P0(0H),  and  P0(0H),.0.P0(0H).0.P0(0H),  beinfr  freqaently  designated 
as  di-  and  triphospborlo  aoid,  I  call  those  in  which  the  linking  oxygen  is  replaced  by  imide,  NH, 
imido-dJ*  and  dfimidotriphospliorio  aoid. 

*  This  aoid  has  the  same  oomposition  and  is  probably  identical  with  Gladstone's  asophosphorio  or 
pyropliospliainio  add.    Jour.  Chem.  Soc  London  [2],  Vol.  VI,  p.  M,  etc 
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Assuming  formala  (h)  for  triiiietaphosphimic  acid,  its  decom)x>8itioD 
woold  be  tbad  represented : 

PO.OH  PO(OH), 

HN  NH  NH  -I-NH3 

I  I 


HO.PO        PO.OH  PO.OH      PO(OH)« 

\   /  \        y 

N  NH 

H 

Trimetaphoephimio  acid.  Diimidoiriphoepboric  acid. 

1.  2. 

(NIL,),HP04  ^^PO(OH), 

^  "^PO(OH), 

PO(OH)a  PO(OH)a       ^.-...,^  -f  NHs 

NH 
Imidodiphoephorlo  aoid. 

3.  4  and  6. 

The  second  acid  is  important  as  a  conncM*ting  link,  proving  that 
trimetaphosphimic  acid  actually  has  the  triple  formula  (PNOsHs):!. 
Most  remarkable  is  the  foruiation  of  pyrophosphoric  acid,  which  occurs 
directly  from  imidodipbosphoric  acid.  The  facts  are  these:  If  sodium 
imidodiphosphate  be  weakly  acidified  with  acetic  acid  and  boiled  from 
five  to  ten  minutes,  not  more  than  15  per  cent  is  converted  into 
pyrophosphoric  acid  and  the  remainder  into  orthopbosplioric  acid. 
Control  experiments  with  sodium  pyrophosphate  showed  that  under 
the  same  conditions  but  a  small  portion  is  converted  into  orthophos- 
phoric  acid,  90  per  cent  of  the  pyrophosphate  being  recovered.  The 
pyrophosphoric  acid  is  therefore  not  an  intermediate  product,  but  the 
imidodiphosphate  is  converted  for  the  greater  part  directly  into  ortho- 
phosphoric  acid,  and  in  a  much  less  degree  into  pyrophosphoric  acid. 

The  above  formula  of  imidodipbosphoric  acid  containing  the  group 
P — NH — P,  follows  directly  from  that  of  trimetaphosphimic  acid.  In 
view  of  the  ease  with  which  the  condensed  phosphoric  acids  split  up  in 
aqueous  solution  into  orthophosphoric  acid,  while  the  reverse  never 
occurs,  it  is  difficult  to  see  how  the  action  of  water  or  acids  on  a  body 
of  the  assumed  formula  could  give  pyrophosphoric  acid.    If  we  adopt 

Oladstone's  formula^  O  ,  we  can  explain  the  formation  of 

\pO(OH)2 

pyrophosphoric  acid,  but  must  at  the  same  time  assume  that  some- 
where in  the  series  the  group  P — N — P  has  been  converted  into 
P — O — P,  for  in  the  chloronitride,  P^NaCU,  phosphorus  can  be  united 
only  by  nitrogen.  If  the  acid  were  really  the  amide  of  pyrophosphoric 
acid,  boiling  with  acetic  acid  would  first  convert  it  into  pyrophos- 
phoric acid  which,  as  above  shown,  is  fairly  stable  under  the  observed 


>  Jour.  Cbem.  Soc.  Loudou,  [2],  VoL  VI,  p.  70. 
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conditions,  and  shonkl  be  foand  preHent  to  the  extent  of  at  least  90  x)er 
cent  instead  of  only  15  per  cent.  On  this  ground,  it  seems  to  me,  we 
mast  reject  the  amidopyrophosphoric  formula,  and  regard  the  body  as 
imidodiphosphoric  acid, 

This  formula  does  not  account  for  the  pyrophosphoric  acid.  We  may, 
perhaps,  conceive  that  owing  to  the  greater  affinity  of  phosphorus  for 
oxygen  than  for  niti*ogen,  a  group,  PO.(OH)2,  is  able  to  change  places 
with  a  hydroxylic  hydrogen  atom : 

HO.PO.O— H  HO.PO.O— PO(OH)9 

HN— PO(OH)«    ""  HN— H 

the  latter,  in  common  with  other  amido  phosphoric  acids,  being  unstable, 
and  passing  easily  into  pyrophosphoric  acid.  It  may  be  noted  that  this 
transformation  seems  to  be  promoted  by  heat,  apparently  more  pyro- 
phosphoric acid  being  formed  by  decomposing  trimetaphosphimic  acid 
in  hot  than  in  cold  solution. 

The  second  acid  of  the  series,  diimidotriphosphoric  acid,  seems  really 
to  have  the  constitution, 

PO(OH)«.NH.PO(OH).NH.PO(OH)„ 

implied  by  the  name.  It  forms  an  acid  salt  with  3,  and  a  neutral 
siilt  with  5  atoms  of  silver,  both  of  which  are  colorless.  If  it  were  a 
diamide  of  triphosphoric  acid, 

^>PO.O.PO(OH).O.PO<q2S 

the  penta-silver  salt  would  have  2  atoms  united  to  nitrogen,  and 
such  a  salt,  to  judge  from  all  phosphorus- nitrogen  salts,  where  this  is 
known  to  be  the  case,  would  be  distinctly  colored. 

Still  another  intermediate  acid  is  possible,  preceding  imidodijihos- 
phoric  acid,  viz,  amidoimidodiphosphoric  acid, 

^>PO.NH.PO(OH)9. 

I  have  been  unable  to  detect  this  acid  thus  far,  but  the  too  high  ])er- 
centage  of  nitrogen  invariably  found,  in  imperfectly  purified  imidodi- 
phosphoric acid,  may  be  due  to  the  presence  of  small  amounts  of  this 
body. 

In  giving  formulas  to  these  bodies,  I  wish  to  be  understood  as  using 
them  with  fall  appreciation  of  their  uncertainty.  A  much  more 
exhaustive  study  is  necessary  before  they  can  be  regarded  as  estab- 
hshed  as  firmly  as  those  of  many  organic  compounds.  There  are  several 
directions  in  which  such  a  study  might  be  of  value.  Besides  the  ques- 
tion of  tautomerism,  the  stereochemistry  of  nitrogen  miglit  be  attacked 
with  profit  from  this  side.  The  analogy  of  nitrogen  and  phosphorus 
suggests  the  possibility  of  steric  phenomena  being  shown  by  the  latter 
also.  The  formula  (b)  suggested  for  trimetaphosphimic  acid,  for 
example,  may  imply  a  cis-  and  cis-trans-form  depending  on  th^  V^ 
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tion  of  the  hydroxyls  88  well  as  of  the  iroide  hydrogen  atoms;  in  short, 
qnite  a  nnmber  of  stereo-isomers  may  be  conceived.  I  have  thus  fiur 
sought  in  vain  for  indications  of  the  existence  of  such  forms. 

EXPSBIMBNTAL  PABT. 

AfuUytical  methods. — Salts  of  trimetaphosphimic  acid  and  derived 
bodies  are  easily  decomposed  by  fosion  with  sodinm  carbonate.  As 
the  process  involves  oxidation  it  is  essential  to  keep  the  mass  in  a 
state  of  fhsion  for  some  time  with  access  of  air«  Salts  of  silver  of  other 
easily  reducible  metals  and  those  in  which  it  is  desired  to  determine 
alkali  or  nitrogen  must  be  decomposed  by  strong  sulphuric  acid.  The 
RubstaucCy  contained  in  a  platinum  crucible,  isfirst  moistened  with  dilute, 
and  then  covered  with  4  or  5  cubic  centimeters  strong  sulphuric  acid,  and 
the  covered  crucible  heated  to  fuming  for  an  hour  in  a  radiator,  care  being 
taken  that  the  fumes  do  not  escape.  In  determining  alkali  metal,  the 
resulting  phosphoric  acid  may  be  conveniently  removed  by  the  ferric 
chloride-acetate  method.  As  the  water  of  crystallization  can  not  be 
completely  expelled  by  heat  without  partial  decomposition,  it  is  best 
determined,  together  with  the  hydrogen  of  the  salt  proper,  by  combus- 
tion. This  is  conveniently  carried  out  in  a  short  combustion  tube  with 
a  10-centimeter  spiral  of  oxidized  copper  gauze,  the  substance,  contained 
in  a  boat,  being  covered  with  fused  potassium  bichromate.  As  nitrous 
fumes  are  formed  in  abundance,  the  usual  precautions  must  be  taken. 
In  the  following,  where  more  than  one  determination  is  given,  the 
numbers  always  refer  to  difierent  preparations. 

Preparation  of  trimetaphosphimic  acid. — The  sodium  salt  affords  the 
starting  material  for  all  preparations  of  trimetaphosphimic  acid.  It 
may  be  obtained  by  saponifying  triphosphonitrilic  chloride  by  alcoholi<; 
soda,  but  with  much  loss,  owing  to  the  formation  of  ethers  and  other 
substances  of  unknown  nature.  The  chloride,  as  observed  by  Liebig 
and  by  Gladstone,  is  practically  unacted  on  either  by  water  or  anhy- 
drous ether,  but,  as  I  have  already  pointed  out  elsewhere,  its  decompo 
sition  may  readily  be  effected  by  shaking  its  ethereal  solution  protract- 
edly with  water,  whereby  intimate  contact  is  secured.  Decomposition 
by  ether  and  water  alone,  however,  results  in  much  loss,  as  the  liberated 
hydrochloric  acid  rapidly  decomposes  trimetaphosphimic  acid.  The 
following  method  is  perfectly  satisfactory  and  gives  practically  the 
theoretical  yield. 

Thirty  grams  of  the  chloride  are  dissolved  in  150  cubic  centimeters  etlier 
free  from  alcohol,  and  the  solution  gently  agitated  with  a  solution  of  110 
gramscrystallized  sodium  acetate  in  200  cubic  centimeters  water,  the  agi- 
tation beiugconveniently  effected  by  slowly  rotating  with  asmall  turbine. 
After  about  fifteen  Jiours,  well-formed  crystalsof  sodium  salt  begin  to  ap- 
pear, and  about  seventy  or  eighty  hours  are  required  for  complete  decom- 
position. This  point  is  best  observed  by  evaporating  a  few  drops  of  the 
ether  and  taking  up  the  residue  with  water,  any  undecomposed  chloride 
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remainiug  ondissolved.  It  is  best  to  coutinue  the  agitation  for  a  short 
time  longer  in  order  to  decompose  the  chlorhydrines,  which  are  always 
formed  as  intermediate  products.  At  the  end  of  the  operation  nearly 
all  the  sodium  salt  has  crystallized  out,  being  almost  insoluble  in  the 
strong  salt  solution ;  a  further  small  amount  can  be  recovered  by  mix- 
ing the  solution  with  alcohol.  After  washing  with  50  per  cent  alcohol, 
the  salt  is  pure  enough  for  most  purposes,  but  may  be  redissolved  in 
water  and  precipitated  by  gradual  addition  of  alcohol. 

The  same  salt  also  results  by  decomx>osing  triphosphonitrilic  tetra- 
chlorhydrine  with  soda.  It  exists  in  two  forms,  apparently  difiering 
only  in  the  amount  of  crystal  water,  the  ^-salt  being  formed  at  ordinary 
temperatures,  the  //-salt  only  above  80^. 

a-Sodium  trimetapho8phimat€j  PaNaOsHaNas  +  4H2O. — ^The  air-dried 
salt,  prepared  as  above,  gave  the  following  figures : 


Calculated  for 
P.Na^H.Na,  + 

Found. 

1            i          '' 

p 

24.79 

11.22 

18.41 

2.94 

24. 74           24. 82 

11.2G      

18. 45           18. 43 
3.05            2.97 

N 

Na 

H 

1.  P:N:Na:H=3:3.02:3.01:11.47. 

2.  P:Na:H  =  3:2.97;ll. 


It  loses  weight  slowly  in  vacuo,  and  3  molecules  of  water  are  given 
off*  on  long  heating  at  100^.    After  five  hours  at  100^  the  loss  was : 


Loss 


Calculated  for 
3H,0. 


Found. 


14.38 


14.05 


This  is  one  of  the  most  characteristic  salts  of  trimetaphosphimic 
acid.  It  forms  brittle  orthorhombic  prisms,  usually  about  1-2  milli- 
meters across,  of  which  fig.  1  represents  the  most  common  form. 


Fip.  1. 

A  =  x  P  Sb 
B  =  Po6. 

Bull.  107 7 


Fig.  2. 

C=^<i>  Pdb. 
D  =  <»  P. 
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The  angle  a,  measured  roughly  under  the  microscope,  is  about  1300. 
No  other  faces  are  ever  observed,  and  D  is  frequently  lacking,  giving 
the  form  shown  in  fig.  2,  which  is  often  seen  to  be  elongated  in  the 
direction  of  any  one  of  the  axes.  They  are  es])ecially  well  developed 
when  slowly  thrown  down  by  acetic  acid  and  alcohol  from  alkaline 
solution.  When  formed  by  rapid  addition  of  alcohol  in  large  excess 
they  tend  to  elongation  in  the  direction  of  the  principal  axis,  being 
often  acicular,  often  long,  flat  prisms  with  imperfectly  developed  ends. 

At  20O,  100  parts  water  dissolve  18.3  parts;  in  hot  water  it  is  much 
more  soluble,  and  from  its  hot  solution  it  crystallizes  but  slowly;  the 
larger  crystals  dissolve  in  hot  water  with  a  crepitating  sound.  The 
reaction  toward  litmus  is  neutral.  On  rapidly  heating  the  dry  salt  it 
gives  off  water  and  later  ammonia,  and  fuses  to  a  clear  glass.  It  is  but 
slowly  decomposed  by  boiling  with  water;  after  three  hours  heating 
traces  of  phosphoric  and  imidodiphosphoric  acid  were  shown  by  mag- 
nesia mixture.  Alkalies  do  not  cause  the  evolution  of  any  appreciable 
quantity  of  ammonia,  even  when  hot;  apparently,  however,  their  veiy 
long-continued  action  is  attended  with  decomposition. 

/3  Sodium  trimetapho8phimate,F 2^306^,^9,3+ Htd. — This  form  is  de- 
posited when  the  solution  has  a  temperature  of  80^  or  higher.  It  was 
obtained — 

(1)  By  boiling  the  solid  a-salt  under  a  strong  solution  of  sodium 
nitrite  (analysis  1). 

(2)  By  slowly  adding  boiling  alcohol  to  a  boiling  solution  of  the  a-salt 
(analysis  2). 

(3)  By  pouring  a  boiling  solution  of  the  a-salt  into  a  boiling  25  per 
cent  solution  of  sodium  acetate. 

Doubtless  other  sodium  salts  would  serve  equally  well,  provided  their 
hot  solutions  are  sufQcieutly  strong  to  throw  it  out. 
The  salt  lost  nothing  at  100^  and  gave: 


Calcalated  for 

P,N,OsH,Na, 

+  40. 

Found. 

1. 

2. 

p 

28.97 
13.11 
21.  .51 

28.31 

28.97 
13.08 
21.19 

N 

Na 

21.86 

1.  P:Na  =  3  :  3.12. 

2.  P  :N  :  Na  =  3  :  2.99  :  2.90. 

This  modification  of  the  sodium  salt  forms  needles,  which,  under  the 
microscope,  are  seen  to  consist  of  flat  prisms  terminating  in  points;  the 
terminal  angles  are  of  two  kinds,  one  rather  more,  the  other  rather  less 
than  900 ;  frequently  both  of  these  may  be  observed  at  opposite  ends 
of  the  same  crystal.    Often,  too,  the  crystals  are  cut  off  obliquely} 
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owing  to  the  development  of  but  one  terminal  plane,  in  which  case  the 
terminal  angles  are  respectively  rather  more  and  rather  less  than  45^. 
In  general  properties  it  resembles  the  a-salt,  which  it  gives  when 
reprecipitated  irom  cold  solution ;  whether  the  difference  consists  merely 
in  the  amount  of  crystal  water,  or  whether  it  is  a  chemically  distinct 
body  can  not  be  decided  at  present. 

Tetrorsodium  salt  (sodium  amidodiimidotriphosphate),  P3N307H4Na4-f 
H2O. — As  pointed  out  in  the  introduction,  this  is  best  regarded  as  the 
neutral  salt  of  an  open  chain  acid, 

PO.OH<^H.PO<gg^^ 
\NH.PO(OH)i 

of  which  trimetaphospbimic  acid  is  the  inner  anhydride.  As  positive 
proof  of  this  can  not  be  adduced  at  present,  I  have  preferred  to  place 
it  among  the  trimetaphosphimates. 

On  dissolving  sodium  trimetaphosphimate  in  an  excess  of  caustic 
soda,  concentrating  and  allowing  to  cool,  the  salt  crystallizes  in  long 
brittle  needles  (analysis  1).  On  adding  alcohol  to  a  caustic  soda  solu 
tion  of  sodium  trimetaphosphimate  (which  need  not  have  been  heated), 
it  is  thrown  out  as  a  sirup  which  crystallizes,  slowly  if  left  to  itself, 
at  once  on  adding  a  fragment  of  previously  prepared  salt,  to  a  mass  of 
delicate  colorless  needles  (analysis  2).  These  must  be  washed  with 
alcohol  containing  a  little  caustic  soda  in  solution,  strongly  pressed 
out  and  dried  out  of  contact  with  carbon  dioxide.  It  contains  a  large 
amount  of  crystal  water,  which  it  loses,  with  the  exception  of  the  last 
molecule,  on  drying  in  vacuo ;  the  exact  amount  could  not  be  determined. 

The  substance  dried  in  vacuo  lost  nothing  at  100^  and  gave: 


Ca]otilat«d  for 

25.76 
11.66 
25.51 

Found. 

1. 

2. 

• 

p 

25. 34           2?>.  fin 

N 

Na 

• 

11.96 

25.60 

25.76 

1.  P:Na  =  3:4.08. 

2.  P:N  :Na=3:  1.09:  4.06. 

This  salt  is  very  unstable,  being  decomposed  even  in  the  solid  state 
by  carbon  dioxide.  From  its  cold  aqueous  solution  alcohol  precipitates 
a  mixture  of  unchanged  salt  and  or-sodium  trimetaphosphimate,  a  few 
reprecipitations  converting  it  completely  into  the  latter  and  free  alkali. 
Its  behavior  toward  silver  nitrate  is  described  under  the  silver  trimeta- 
phosphimates. * 

Salts  with  less  than  3  or  more  than  4  atoms  of  sodium  could  not  be 
obtained. 
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Potassium  trimetapkosphimatej  V^Sfi^jK:^ — A  eolation  of  this  salt 
was  obtained  by  decomposing  the  bariam  salt  with  potassium  sulphate; 
on  evai>oratiou  a  transparent,  glassy  mass  resolted.  Alcohol  precipi- 
tated it  as  a  sirup,  which  on  repeated  treatment  with  absolute  alcohol 
was  converted  into  indistinct  cr>'Stals.    It  was  not  farther  examined* 

Ammanium  trimetaphosphimate^  l^^^Oil^-i^SVU)^  -^  H^O. — ^A  solution 
of  this  salt  was  obtained  by  double  decomposition  from  the  barium  and 
silver  salts  and  by  neutralizing  the  free  acid  with  ammonia.  It  loses 
ammonia  on  evaporation  and  leaves  a  transparent  amorphous  residae. 
Its  solatiou,  treated  with  alcohol,  gives  a  deposit  of  large  and  beautiful 
pearly  scales,  which  are  characteristic  As  these  form  even  in  the 
jiresence  of  a  large  excess  of  ammonia  it  ap[>ears  that  a  body  analogons 
to  tlie  tetra-sodinm  salt  can  not  be  thus  formed. 

The  air-dried  substance  gave: 


CalcaUtedfor 

P,NAH,(XH4), 

+  II1O. 

FooimI. 

p 

N 

30.38 

27.50 

1 
30.19 

27.03 

1 

Magnettium  trimetaphoffphimate,  (P3N30tjH3)2Mg3(  t). — Strong  solutions 
of  sodium  trimetaphosphimate  and  magnesium  chloride  give  no  precip- 
itate, even  on  boiling.  A  solution  of  the  magnesium  salt  may  be 
obtained  by  double  decomposition.  From  this  alcohol  throws  down  an 
amorphous  Hocculent  precipitate  and  it  leaves  a  soluble  transparent 
residue  on  evaporating.    Ou  boiling  the  solution  is  slowly  decomposed. 

A  mixture  of  a  not  too  dilute  solution  of  sodium  salt  with  an  excess 
of  a  strong  solution  of  magnesium  acetate  remains  clear,  but  is  precip- 
itated by  acetic  acid;  ou  adding  a  little  water  this  precipitate  redis- 
solves,  reappears  ou  beating,  and  redissolves  on  cooling.  The  nature 
of  these  precipitates  has  not  been  investigated.  Witl^more  water  the 
solution  remains  clear  on  short  boiling,  but  ou  continued  heating  a 
crystalline  precipitate  forms  which  examination  shows  to  consist  of 
magnesium  pyrophosphate  and  imidodiphosphate,  orthophosphoric  acid 
remaining  in  sohition. 

The  fact  that  trimetaphosphimic  acid  is  not  precipitated  in  the  cold 
by  aramoniacal  magnesia  mixture  affords  a  valuable  means  of  separat- 
ing it  from  some  of  its  decomposition  products. 

Barium  trinwtaphoaphimates. — Much  time  was  spent  in  studying 
these  salts,  until  it  was  found  that  they  are  devoid  of  characteristic 
properties,  and  that  they  are  of  exceedingly  varying  comi)Osition.  3oth 
neutral  and  basic  salts  exist,  and  there  is  a  strong  tendency  to  form 
double  salts.  The  tendency  to  form  complex  salts  is  so  strong  that 
when  barium  nitrate,  chloride,  or  acetate  is  used  as  the  precipitant,  the 
Xnoduct  is  invariably  contaminated  by  these.     It  has  proved  impos- 
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siblc  to  obtain  a  siugle  satisfactory  analysis,  but  the  following  data 
may  be  mentioned:  »  ::  ,•*•- 

A  salt  obtained  by  decomposing  an  etbereac  solution  of  phosphorus 
'  chloronitride  with  excess  of  baryta  water  consisted  of  a  pulverulent, 
indistinctly  crystalline  substance  for  which  the  ratio  P  :  Ba  =  6  : 4.48 
was  found,  while  the  calculated  ratio  for  neutral  salt  is  6  :  :5.. 

The  x)otassium  salt,  precipitated  by  ammoniacal  bariuu- chloride, 
gave  a  preparation  in  which  P  :  Ba  =  6  : 3.68. 

Triphosphonitrilic  tetrachlorhydrine  gave  a  clear  solution  ^tth 
ammonia  and  barium  chloride;  on  boiling  a  granular  precipitate 
resulted  (analysis  1). 

Etliereal  chloronitride  and  barium  acetate  solution  gave  a  prepara- 
tion from  which  the  figures  under  analysis  2  were  obtained. 

A  precipitate  from  the  potassium  salt  and  neutral  barium  chloride 
gave  the  results  recorded  under  analysis  3. 


! 

Calcalated  for 
(PsN8aH.),Ba,+ 

Calculated  for 
(P,NAH.),l?a3  + 

Found. 

1. 

•> 

p 

19.89 
43.96 

19.16 
42.35 

19.91 
41.75 

20.86 

Ba 

41.91 

3. 

20.46 
43.79 


1.  P:Ba 

2.  P:Ba: 

3.  P  :Ba 


6  :  2.85.     Dried  at  100^. 
6:2. 73.    Dried  in  vacuo. 
:6:2.91.     Dried  at  100°. 


The  neutral  salt  is  slightly  soluble  in  water  and  easily  in  a  solution 
of  ammonium  chloride;  on  boiling  the  latter  it  is  partially  reprecipi- 
tated.  It  also  dissolves  readily  in  a  strong  solution  of  sodium  chloride, 
and,  on  warming,  the  barium  sodium  salt  is  precipitated. 

Barium  sodium  trimetaphosphimatej  PsNsOeHaNaBa  +  l^(f)H20. — 
This  salt  is  almost  insoluble  in  water,  and  forms  a  heavy,  crystalline 
I)Owder,  which  is  seen  under  the  microscope  to  consist  of  spherical 
aggregates  with  many  rhombic  facets,  or  occasionally  of  single  minute 
crystals,  apparently  rhoinbohedra.  The  ordinary  amorphous  barium 
salt  is  invariably  formed  by  precipitating  any  soluble  trimetaphos- 
phimate  with  a  barium  salt  in  the  cold,  but  if  the  chloride  or  other 
salts  of  sodium  be  present  in  sufficient  quantity,  this  passes  into  the 
crystalline  barium  sodium  salt,  at  once  on  heating,  or  in  the  cold  after 
a  period  varying  from  a  few  minutes  to  several  hours.  The  latter  also 
forms  at  once  on  precipitating  in  hot  solutions.  It  was  also  obtained  by 
decomposing  an  ethereal  solution  of  chloronitride  (1  molecular  weight) 
with  a  solution  of  barium  acetate  (1  molecular  weight)  and  sodium  acetate 
(9  molecular  weights).  As  is  so  common  with  salts  of  barium,  this  tends 
to  ''carry  down"  a  considerable  amount  of  the  precipitant.  A  prepara- 
tion made  by  the  last  method  mentioned  contained  0.49  per  cent  chlorine, 
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corresponding  to  a  contaminaliofr.of  1.44  per  cent  barinm  chloride. 
After  making  correction  .^'-Jid!^  the  figures  under  analysis  3  were 
obtained,  which  appfoxiifeate  closely  to  the  theoretical. '  The  excess 
of  barinm  in  analyiQes"*!'  and  2  is  accounted  for  in  the  same  manner. 
Possibly  the  difficnltr^  is  dne  to  the  presence  of  half  dissociated  barium 
ions  (e.  g^'^^^apl)  in  the  solution. 

Tjie^soJMknce  lost  but  little  at  10(P  and  gave: 


CaleuUtcd  for  P,X» 
acH,NAHa^l|H,0. 

22.09 

9.9i» 

......                     5. 47 

Fo«nd. 

1. 

21.50 
9.91 

2. 

3. 

1 

'.  p 

1   v.... 

21.86 

21.99 

Xa 

5.56 
^.22 

5.53 

32.86 

1.32 

Ba 

H 

32.ri6 

:              1.43 

■ 

35.67 

t 

1.  P  :  X  :  Ba  =  3  :  3.05  :  1.12. 

2.  P  :  Xa  :  Ba  =  3  :  1.03  :  1.06. 

3.  P  :  Xa  :  Ba  :  H  =  3  :  1.02  :  1.01  :  5.58. 

Similar  salts  coutainiug  potassium  or  ammonium  could  not  be 
obtained.  A  barium  silver  salt  consisting  of  microscopic  spherules 
was  obtained  by  adding  silver  nitrate  to  a  solution  of  the  neutral 
barium  salt  in  ammonium  nitrate;  a  qualitative  examination  showed 
the  presence  of  barium  and  silver.  * 

Triftilver  trimetaphosphimatej  PaNaOeAga. — ^Tbis  is  the  most  important 
salt  obtained,  on  account  of  its  highly  characteristic  crystalline  form, 
and  because  it  is  anhydrous  and  easily  prepared  pure,  thereby  estab- 
lishing the  empirical  composition  of  trimetaphosphimic  acid.  As  those 
salts  which  contain  crystal  water  do  not  lose  it  completely  at  a  tem- 
perature short  of  decompositon,  we  should  otherwise  be  unable  to 
decide  between  the  formulas  PsNaOeHeand  P3N3O7H8.  For  comparison 
the  theoretical  figures  for  a  silver  salt  of  both  of  these  are  given. 

The  salt  may  be  prepared  by  precipitating  a  cold  dilute  solution 
(1-50)  of  the  sodium  salt  by  silver  nitrate,  when  it  is  thrown  down  at 
once  in  the  form  of  colorless  elongated  microscopic  plates,  terminated 
by  an  angle  of  78^  (analyses  1-4).  Much  better  crystals  are  obtained 
if  the  solution  of  the  sodium  salt  be  acidified  with  several  equivalents  of 
nitric  acid  and  the  silver  nitrate  added  slowly,  finally  in  large  excess.  In 
thisway  thecrystallization  is  made  toextend  over  a  considerable  time,  but 
the  precipitation  is  never  complete  (analysis  5).  Thus  formed  the  crys- 
tals are  usually  very  well  developed,  though  seldom  over  2  millimeters 
long,  and  consist  of  thick,  monoclinic  plates  of  the  forms  represented 
in  figs.  3  and  4,  the  latter  resulting  when  the  crystallization  extends 


'  Richards  hoA  pointed  out  the  necessity  of  making  a  similar  correction  in  determining  salphiirio 
add  as  barium  sulphate.    Zeitschr.  auorg.  Chetii.,  Vol.  VIII,  p.  413. 
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over  several  hours.    No  other  faces  are  ever  observed,  and  the  angle  a 
(between  the  edges)  measured  under  the  microscope  is  very  nearly  78°. 


FiK.3. 


Fig.  4. 


A=ooPSb.  B  =  P6b.  C  =  qoPoo. 

The  air-dried  salt  lost  nothing  at  100°  and  gave: 


Calculated  for 
P,N,0*H,Ag,. 


P  . 
N  . 

11. 


16.68 
7.55 

58.04 
0.54 


Calculated  for 
P,N,0,H,Afo. 


16.16 
7.31 

56.20 
0.87 


Foand. 


1. 


16.50 


57.75 


2. 


3. 


16.70 
7.53 

57.90 
0.62 


16.74 

7.67 

57.77 


4. 


16.64 


5. 


57.93 


7.72 
57.80 


6. 


15.71 


60.08 


1.  P 

2.  P 

3.  P 

4.  P 

5.  N 

6.  P 


Ag  =  3  :  3.02. 

N  :  Ag  :  H  =  3  :  2.99  :  2.99 

N  :  Ag=3  :  2.98  :  3.04. 

Ag^3  :  3. 

Ag=3  :  3. 

Ag=3  :  3.3 


3.47. 


The  salt  is  insoluble  in  water,  easily  soluble  in  ammonia,  and  some- 
what difficultly  in  dilute  nitric  acid.  It  is  not  affected  by  light,  but  on 
boiling  under  water  it  becomes  somewhat  yellow,  owing  to  the  forma- 
tion of  a  superficial  coating  of  the  6  atom  salt  and  the  liberation  of 
free  acid,  the  decomposition  products  of  which  can  be  detected  in  the 
liquid.  If  free  from  silver  nitrate,  caustic  soda  does  not  discolor  it,  even 
on  boiling.  On  heating  it  swells  up,  gives  off  ammonia,  and  fuses  to  a 
mass  which  contains  metallic  silver.  In  order  to  ascertain  if  it  is 
actually  precipitated  in  the  anhydrous  form,  or  if  it  contains  water 
which  is  given  off  on  standing,  a  freshly  precipitated  sample  was 
washed  with  alcohol  and  ether,  pressed  out,  and  at  once  weighed;  it 
lost  nothing  at  100^,  indicating  that  even  at  the  moment  of  formation 
it  is  anhydrous.  Precipitation  from  boiling  solution  seems  to  have  no 
influence  on  its  composition;  if,  however,  the  solutiou  of  the  sodium  salt 
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be  added  to  a  large  excess  of  a  solation  of  silver  nitrate,  the  reBoltiiig 
precipitate,  though  white,  is  amorphoas  and  contains  much  too  high  a 
percentage  of  silver  (analysis  6),  probably  indicating  an  admixtore  of  a 
more  basic  salt. 

If  tri  silver  trimetaphosphimate  be  heated  in  a  corrent  of  dry  air  at 
a  temperature  rising  gradually  from  200°  to  260°,  very  nearly  one-third 
of  the  nitrogen  is  given  off  as  ammonia: 

I 


L 


L088 


Calcalated 
for  NH,. 


Foand. 


3.05 


2.86 


The  product  is  no  longer  completely  soluble  in  dilute  acid.  Alter- 
nate treatment  with  sodium  chloride  and  ammonia  extracts  the  silver 
and  an  acid  which  gives  an  amorphous  precipitate  with  magnesium 
nitrate  mixture.  A  considerable  white  residue  remains  in  the  form  of 
pseudomorphs  of  the  original  substAnce,  which  is  insoluble  in  ammonia, 
and  soluble  in  hydrochloric  acid  only  on  boiling. 

Salt  with  4  atoms  of  silvery  P3N306H2Ag4  or  P3N307H4Ag4. — If  silver 
nitrate  be  added  slowly  to  a  solution  of  the  4-atom  sodium  salt  (sodium 
amidodiimidotriphosphate),  each  drop  produces  a  white  precipitate, 
which,  on  stirring,  turns  yellowish,  in  presence  of  an  excess  of  sodium 
salt;  when  the  latter  is  used  up  and  an  excess  of  silver  nitrate  has  been 
added,  it  again  becomes  white.  If,  on  the  contrary,  the  sodium  salt  be 
added  to  the  silver  nitrate,  each  drop  gives  a  yellow  precipitate,  turn- 
ing white  on  stirring,  and  remaining  so  as  long  as  an  excess  of  silver  is 
present.  This  white  amorphous  salt  is  decomposed  by  washing  with 
pure  water,  turning  yellow,  while  trimetaphosphimic  acid  goes  into 
solution.    The  change  may  be  represented  thus: 

3P3N307H4Ag4  =  2P3N  ,07H,Ag,  -j-  PaNaOnH^  -j-  H2O. 

Silver  nitrate  prevents  this  change;  the  precipitate  must  therefore 
be  washed  with  1  per  cent  aqueous  solution  of  silver  nitrate,  then  with 
1  per  cent  alcoholic  solution  of  the  same,  and  finally  with  ether.  On 
pressing  and  drying,  it  then  remains  colorless.  Preparations  made  in 
this  manner  gave  the  following  results  after  drying  at  100°,  at  which 
temperature  the  salt  remains  white : 


r 

(ynloiilatod  for 
PaN5().H,Ag4. 

Calculated  for 

P,N30,ll4Ag4. 

Found. 

1. 

2. 

P 

14.01 
64.92 

13.63 
63.22 

13. 32 
65.79 

13.70 
64.71 

Air 

"^rS  ------------- 

3. 


13.29 
65.89 


1.  P:Ag 

2.  P:Ag 

3.  P:Ag: 


3:4.26. 
3:4.07. 
3:4.28. 
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Unfortanately,  the  figures  do  not  admit  of  a  positive  decision  as  to 
the  formula,  but  the  extreme  instability  of  the  salt,  as  compared  with 
the  others,  may  indicate  an  acid  of  different  nature  from  trimetaphos- 
phimic  acid. 

If  this  salt  be  allowed  to  stand  for  a  day  or  two  under  pure  water,  it 
is  converted  into  a  mixture  of  tertiary  silver  trimetapbosphimate  and  a 
yellow  crystalline  salt  with  6  atoms  silver. 

SPaNsOrH^Ag^  =  PsNsOrHiAgH  -f  2P3N306H3Ag3  -f  2H2O. 

The  same  change  occurs  rapidly  on  boiling.  Whatever  may  be  the 
nature  of  the  salt,  this  change  is  doubtless  due  to  the  tendency  of  the 
silver  to  wander  to  the  nitrogen;  silver  nitrate,  by  opposing  dissocia- 
tion, prevents  alteration. 

Salts  tcith  6  atoms  of  silver^  PaNaOeAge  and  perhaps  P3N307H2Ag,i 
also.— Equally  unsatisfactory  analytical  results  are  given  by  the  salts 
with  6  atoms  of  silver.  The  figures  indicate  the  tendency  to  formation 
of  salts  with  the  ratio  P:  Ag=3:6,  but  the  actual  ratio  only  approxi- 
mates to  this,  and  it  is  impossible  on  the  basis  of  the  analyses  alone  to 
decide  which  of  the  formulas  PaNaOeAge  and  P3N307H2Ag6  should  be 
adopted  in  most  cases.  After  many  experiments  I  have  been  com- 
pelled to  abandon  for  the  present  the  attempt  to  obtain  these  sub- 
stances in  entirely  satisfactory  condition,  and  give  the  figures  as 
actually  obtained.^ 

If  sodium  tnmetaphosphimate  be  added  to  an  excess  of  an  aromo- 
niacal  solution  of  silver  nitrate,-  or  of  a  solution  of  silver  oxide  in 
ammonium  nitrate,^  a  portion  of  the  trimetaphosphimic  acid  is  pre- 
cipitated as  a  pure  white  voluminous  and  amorphous  body,  which, 
as  analysis  shows,  contains  approximately  6  atoms  of  silver.  The  pre- 
cipitation is  very  incomplete,  especially  when  ammoniacal  silver  nitrate 
is  used,  but  in  this  case  the  substance  contains  very  nearly  G  atoms 
of  silver,  while  if  the  silver  oxide  solution  be  employed  the  percentage  of 
silver  is  considerably  too  low.*  Heated  under  the  mother  liquor  it 
becomes  yellowish,  and  becomes  white  again  on  cooling.  After  washing 
out  (whereby  it  becomes  yellowish)  it  dissolves  quite  readily  in  strong 
ammonium  nitrate  solution,  but  if  boiled  with  less  of  the  same,  or  less 
rapidly  if  heated  with  water  alone,  it  is  quickly  converted  into  a  heavy 
pulverulent  substance.  This,  if  highly  magnified,  is  seen  to  consist  of 
spherules  or  indistinct  prisms,  and  has  a  color  varying  from  orange  to 
deep  orange-red,  usually  the  latter.  This  salt  likewise  contains  G 
atoms  of  silver.  The  transformation  is  prevented  by  any  silver  nitrate 
in  the  solution,  unless  the  effect  of  this  is  neutralized  by  a  large  quan- 
tity of  ammonium  nitrate. 


*See  p.  146  of  this  bulletin  for  an  explanation  of  thoHe  difficulties. 

'Prepared  by  adding;  ammonia  to  Bilver  nitrate  Rolution  till  the  brown  precipitate  Just  rediasolves. 
*  Three  grama  silver  oxide,  10  grams  ammonium  nitrate,  and  50  cubic  centimeters  water. 
4 The  filtrate,  on  evai>oration  over  sulphuric  acid,  deposits  an  imperfectly  crystalliue  substunco,  at 
first  white,  tben  yellow,  which  is  probably  identical  with  tbe  yellow  salt  referred  to  below. 


106 


CONTEIBUTIONS  TO  CHEMISTRY  AND  MINERALOGY.        [buu.  167. 


If  a  solation  of  sodium  trimetaphosphimate,  to  which  exactly  3  molec- 
ular weights  caastic  soda,  or  an  excess  of  ammonia,  have  been  added,  be 
dropped  into  an  excess  of  dilate  silver  nitrate,  a  light  solphnr-yellow, 
voluminous,  and  amorphous  precipitate  is  formed,  which  may  be  washed 
with  cold  water  without  change,  and  does  not  change  color  on  drying. 
This  likewise  contains  6  atoms  of  silver,  and  is  insoluble  in  ammonium 
nitrate.  If  boiled  with  a  trace  of  silver  nitrate  it  remains  unchanged; 
but  if  boiled  with  pure  water  it  changes  slowly,  or  if  sodium  trimeta- 
phosphimate  or  ammonium  nitrate  be  present,  in  a  few  moments,  into 
the  same  orange- red,  crystalline  powder  above  mentioned.^  On  one 
occasion  a  deep  red  crystalline  powder  was  obtained,  but  the  conditions 
for  its  formation  could  not  be  determined.  The  followingfigures  resulted 
from  the  analyses  of  these  salts,  in  every  case  dried  at  lOO^: 


Ag 


Calculat^^  for 
PaNjOrHjAg,. 


10.39 
72.21 


Calculated  for 
PsN«0«Ag.. 


10.59 
73.69 


WHITE  SALT  (AMORPHOUS). 


P  . 

Ag 


Lowest. 


10.54 
7L04 


Found. 


Highest. 


11.28 
71.93 


Mean. 


Remarks. 


10. 92       4  preparations. 

71. 58       Mean  ratio  P :  Ag  =  3 : 5.66. 


YELLOW  SALT  (AMORPHOUS  AND  CRVSTALLINE). 


P  . 
Ag 


10.23 
7L55 


10.65 
73. 13 


10.44 
72.53 


7  preparations. 

Mean  ratio  P:  Ag  =  3:5,99. 


orange-rp:d  salt  (CRYst.vlline). 


Ag 


10.  69 
72.38 


10.91 
72.91 


10. 81       5  preparations. 

72. 61       Mean  ratio  P :  Ag  =  3 : 5.79. 


RED  SALT  (CRYSTALLINE). 


Ag 


10.  (i5       1  preparation. 

73. 18       Ratio  P :  Ag  ^  3 : 5.93. 


>  This  is  seen  to  crystallize  from  the  liquid,  so  that  temporary  solution  must  take  plaoe. 
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Unsatisfactory  as  these  figures  are,  they  appear  to  indicate  the  exist- 
ence of: 

( 1)  A  yellow  salt,  usnally  amorphous,  occasionally  crystalline,  approxi- 
mattng  in  coiniK)sition  to  P3Na67H2Ag6.  As  this  is  only  formed  in  the 
cold  from  a  trimetaphosphimate  to  which  alkali  has  been  added,  it  may 
be  a  salt  of  the  supposed  open-chain  acid. 

(2)  A  red  crystalline  salt  of  the  formula  PaNsOeAge. 

(3)  A  white  amorphous  salt  of  nearly  the  same  composition. 

The  orange-red  salt,  invariably  containing  too  little  silver,  and  vary- 
ing in  depth  of  color,  may  be  a  mixture  or  an  intermediate  form. 

As  the  white  salt  is  formed  only  in  the  presence  of  silver  ammonia 
compounds,  and  is  quite  soluble  in  ammonium  nitrate,  it  is  clearly  dif- 
ferent in  nature  firom  the  others.  Probably  it  contains  silver  united  to 
oxygen  only,  while  in  the  red  salt  one-half  the  metal  is  associated  with 
nitrogen.  We  may  regard  them  as  salts  of  the  two  forms  of  trimetaphos- 
phimic  acid : 

P(OAg),  PO.OAg 

N  N  AgN  NAg 


(AgO)iP  P(0Ag)9  AgO.PO         PO.OAg 

\    ^ 

N  N 

Ag 
Hexa-Bilver  tripbosphonitrilate.  Hexa-silver  trimetaphosphimate. 

The  action  of  silver  nitrate  in  preventing  the  transformation  may  be 
ascribed  to  its  opposing  dissociation.  No  deep  decomposition  occurs 
during  the  transformation,  as  the  ammoniacal  solution  is  not  precipi- 
tated by  magnesia  mixture,  and  sodium  trimetaphosphimate  is  regen- 
erated by  treatment  with  sodium  chloride  and  acetic  acid. 

Ferric  trimetaphosphimates. — Gladstone^  states  that  when  pyrophos- 
phodiamic  acid  is  added  to  ferric  sulphate,  acidified  with  sulphuric 
acid,  a  clear  solution  results,  which,  on  boiling,  deposits  white  ferric 
pyrophosphamate,  which  is  insoluble  in  acids  but  soluble  in  ammonia. 
The  ferric  trimetaphosphimates^  seem  to  vary  considerably  in  composi- 
tion and  properties  and  present  no  characteristic  features.  The  follow- 
ing points  were  noted:  On  adding  ferric  chloride  to  a  moderately 
strong  solution  of  sodium  trimetaphosphimate  an  amorphous  white 
precipitate  forms  which  redissolves  in  an  excess  of  the  sodium  salt, 
probably  with  formation  of  a  ferric-sodium  salt,  but  which  becomes 
])ermanent  on  adding  more  ferrip  chloride.  This  is  scarcely  soluble  in 
dilute  hydrochloric  acid,  but  readily  soluble  in  ammonia  with  faint  red 
color.  Sodium  hydroxide  regenerates  sodium  salt.  If,  however,  the 
solution  of  the  sodium  salt  be  dilute,  no  precipitate  forms  in  the  cold, 
even  with  an  excess  of  ferric  chloride,  but  on  boiling,  after  acidifying, 


*  Quart  Joar.  Chem.  Soc.  Loudon.  Vol.  Ill,  p.  135;  Juur.  Chem.  Soc.,  Londou,  [2],  Vol.  II,  p.  229; 
[2J,  VoL  IV.  p.  290;  [2J,  VoL  VI,  p. 67. 
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a  white  ainorphouB  precipitate  is  produced,  which,  like  the  above,  is 
nearly  insoluble  in  <lilute  acid  and  easily  solable  in  ammonia  and  con- 
si  sts  of  triinetaphoHphimate  mixed  with  decomposition  products. 

Till*,  solubility  of  these  salts  in  ammonia,  which  they  show  in  common 
with  other  ferric  amidophosphates  and  pyrophosphates,  maybe  ascribed 
t4>  tlie  formation  of  complex  ions  containing  iron;  in  other  words,  of 
fiTri-trinietiiphoHphiniic  acids,  analogous  to  ferri-oxalic  acid  ^  and  simi- 
lar iKKliCH. 

Fne  trbneUiphosphimic  acid, — Silver  trimetaphosphimate,  decom- 
IM)Mi»d  under  cold  water  by  hydrogen  sulphide,  gives  a  solution  from 
which,  when  fresh,  the  characteristic  salts  may  be  prepared,  and  from 
wlii<;h  niuc.li  alcohol  gradually  throws  out  an  amorphous  sticky  mass. 
T\n)  solution,  on  evaporation  in  vacuo,  leaves  a  transparent,  gummy 
residuo  from  which  alkalies  evolve  much  ammonia,  and  which,  after 
redisHolvin^,  gives  a  precipitate  with  magnesium  mixture,  indicating 
partial  (UMroniposition.  The  acid  seems  therefore  to  be  incapable  of 
crystallization.  ^ 

In  niarkcHl  (listinction  from  inetaphosphoric  acid,  trimetaphosphimic 
jwid  docs  not  coagulate  albumen. 

I >K( COMPOSITION    TKODUCTS  OP  TlUMETAPHOSPmMIC   ACID. 

Orthophosplioric  acid  and  ammonia  are  the  ultimate  products  of  the 
action  of  acids  on  trimoti^phosphimic  acid,  as  well  as  of  the  decomiK)- 
HJtion  of  the  tViH*  acid  alone  in  a([ueous  solution  when  heated  or  kept 
for  a  long  t  inu\  I  have,  however,  been  able  to  isolate  three  well-marked 
inUTnicdiate  bodies,  viz: 

l>iliiiltlotri|ihoN|ilioi-io  acid,  P,N,.(>,H-; 
linlilodlplioNpliorir  iiritl,  IVNOJl,; 
l'.Vinp||„M|i|i,»rir  arul.  I'.O.II,. 

ir  Hodiuni  trinictuphosphjmato  solution  (1-15)  be  boiled  with  2-3 
nioli«<Milar  woights  nitric  acid,  the  transformation  into  ammonia  and 
orthoplioNplioiic  acid  is  complete  in  about  ten  minutes,  but  on  inter- 
nipling  t.lu«  iMiilinganor  thm^  to  four  minutes  and  cooling,  the  presence 
<il  MicKo  pniilucts  can  l»o  dotiHrtiMl;  the  same  change  occurs  slowly  in  the 
«'J»  il,  num.v  Hays  hoing  required  for  complete  decomposition.  From 
Ihi^  Holution  NJlver  nitrate  throws  down  first  the  silver  salt  of  un- 
«'i»'HiKe,|  trimetaphosphimic  acid,  then  the  others  in  the  order  named, 
»»iHl  hiiully  Milver  phosphate,  which  is  most  easily  soluble  in  nitric  acid. 

A  I  Hou^ri,  ,  1,,,^,,  products  were  tlrst  detected  in  this  way,  many  exi>eri. 
'  '•^»»iH  im  vp  ronvinceil  uu^  that  it  is  nofa  practiciU  method  of  separation. 

h|^Nt.pun»(,on  hy  iVactit>nal  prtvipiuuion  is  not  sharp;  the  properties 

'  *  ;;;;  "l/^'^^'^pl^itnic  ana  tUimidotriphosphoric  acids  are  so  similar  and 

III    «lHb  I.  V  oi  iho  hitter  so  slight  that  the  results  are  very  unsatisfac- 

plHm.ih     I.  r*^"'"^  *^**  trimetapluKsphimie  acid,  however,  diimidotxi- 

M'-«plMiile   nenl    is   ivadily  se,uu.ue.l   from  the   later  deljomposition 

'^'"  '^ "'"  ""■     "«'-•>«»•  «tUMx.  riuiu  .  Vol.  Xl.p.214,  eto. 
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products.  If,  therefore,  we  have  ascertained  the  time  reijuired  for  all 
the  trimetaphosphimic  acid  to  be  decomposed  under  given  conditions, 
while  diimidotriphosphoric  acid  still  remains,  we  can  isolate  the  latter 
in  a  condition  of  purity.  Since  the  latter  is  merely  a  transition  product, 
the  amount  present  at  any  time  is  small,  and  the  actual  yield  is  only 
about  10  per  cent  of  the  theoretical. 

The  following  method  leads  to  the  desired  result:  1  molecular  weight 
a-sodinm  trimetaphosphimate  is  dissolved  in  15  parts  cold  water,  3 
molecular  weights  nitric  acid  (strength  about  15  per  cent)  added,  and  the 
solution  allowed  to  stand  for  seven  days  at  the  ordinary  temperature. 
Enough  ammonia  is  then  added  to  give  a  faint  odor  and  an  excess  of 
magnesium  nitrate  mixture  ^  added,  which  throws  down  imidodiphos- 
phoric,  pyrophosphoric,  and  orthophosphoric  acids,  while  diimidotri- 
phosphoric acid  remains  wholly  in  solution.  The  liquid  is  removed  as 
far  as  possible  fix)m  the  semigelatinous  precipitate  by  suction  and  press- 
ing out  in  the  filter,^  without  washing.  The  filtrate  is  approximately 
neutralized  with  nitric  acid  and  precipitated  by  silver  nitrate,  a  consid- 
erable excess  of  which  should  be  used,  as  penta-silver  diimidotriphos- 
phate  is  much  less  soluble  in  dilute  silver  nitrate  than  in  water.  The 
slightly  washed  silver  salt  still  contains  some  imidodiphosphate,  an  the 
magnesium  salt  of  this  acid  is  not  wholly  insoluble.  To  remove  this  it 
is  dissolved  in  the  smallest  possible  volume  and  amount  of  ammonia  and 
a  little  magnesium  nitrate  mixture  added,  which  throws  out  the  remain- 
ing imidodiphosphoric  acid.  The  liquid  is  again  filtered  by  suction,  with 
but  little  washing,  and  the  silver  salt  again  precipitated  by  neutralizing 
with  nitric  acid,  with  ^ddition  of  a  little  silver  nitrate.  The  moist  silver 
salt  is  treated  with  an  excess  of  moderately  strong  solution  of  sodium 
chloride,  acidified  with  acetic  acid,  the  silver  chloride  filtered  off  with 
but  little  washing  and  an  equal  volume  of  alcohol  added  to  the  filtrate, 
which  precipitates  tri-sodium  diimidotriphosphate.  This  is  purified  by 
dissolving  in  a  little  water  and  reprecipit.ating  by  alcohol. 

The  magnesium  precipitate,  containing  imidodiphosphoric,  orthophos- 
phoric, and  a  little  pyrophosphoric  acids,  is  pressed  out  strongly  under 
a  screw  press,  pulverized,  and  dissolved  in  the  least  possible  amount  of 
dilute  nitric  acid.^  Ammonia  is  added  drop  by  drop  till  a  slight  perma- 
nent precipitate  forms,  and  after  filtering,  silver  nitrate  added  as  long 
as  the  precipitate  is  white.  Nearly  all  the  orthophosphoric  acid  remains 
in  solution,  even  after  adding  much  silver  nitrate;  but,  if  too  much  be 
added,  or  if  the  amount  of  orthophosphoric  acid  be  relatively  great,  the 
latter  portions  of  the  precipitate  are  yellow.  Exact  quantitative  data 
can  not  be  given,  but  in  general  it  is  necessary  to  use  an  amount  of  sil- 
ver nitrate  at  least  ten  times  the  weight  of  the  mixed  magnesium  salts. 
Silver  pyrophosphate  is  partly  precipitated  toward  the  end,  and  partly 

ilfade  by  dissoiving  100  grams  orystimized  niagnMium  nitrate  and  35  grams  ammoninm  nitrate  in 
water,  adding  enongb  ammonia  to  give  a  faint  odor  and  diluting  to  1  liter.' 

'Schleicher  and  Schiill's  hardened  filters,  No.  575,  have  proved  indispensable  in  this  operation. 
*Thi8  is  beat  done  by  rubbing  ap  with  water  in  a  glaaa  mortar,  adding  the  acid  giraduaU^ . 
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remains  iu  solution.  To  get  rid  of  it  entirely,  as  well  as  of  traces  of 
orthophospboric  acid  and  of  a  substance  of  relatively  high  percentage 
of  nitrogen,  the  tri-silver  imidodiphosphate  must  be  dissolved  in  am- 
monia, reprecipitated  as  magnesium  salt,  pressed  out,  and  reconverted 
into  the  silver  salt  in  the  same  manner.  The  mother  liquor  of  the 
second  silver  precipitation,  if  neutralized  with  ammonia,  gives  a  mix- 
ture of  silver  imidodiphosphate  and  pyrophosphate.  This,  after  conver- 
sion into  the  sodium  salt  by  sodium  chloride,  addition  of  a  little  caustic 
soda,  and  precipitating  by  alcohol,  gives  a  sirup  which  is  converted  by 
vigorous  rubbing  into  a  pasty  mass.  This,  by  repeated  solution  and 
reprecipitation  by  alcohol,  gives  the  characteristic  flat  prisms  of  sodium 
pyrophosphate.  After  conversion  into  the  silver  salt  this  proved  to  be 
free  from  nitrogen  and  an  analysis  gave: 


Calculated  for 
AgiPjO,. 


Found. 


Ag 


71.27 


70.23 


Tedious  as  the  above  method  is,  many  experiments  have  failed  to  lead 
to  the  discovery  of  a  better  one,  and  have  convinced  me  that  it  can  not 
be  abbreviated  in  the  least  without  injuriously  afiecting  the  quality  of 
the  products. 

DiTMlDOTBIPHOSPHOBIC   AclD,  P,>r,()gH,. 

This  acid  forms  two  series  of  salts  in  which  3  and  5  atoms  of  hydro- 
gen are  replaced.  The  alkali  salts  with  3  atoms  of  metal  are  of  neutral ; 
those  with  5  atoms  of  alkaline  reaction.  It  seemsitiinpossible  to  replace 
the  2  remaining  atoms,  as  is  pointed  out  under  the  silver  saltB. 

Tri-sodium  diimidotriphosphatej  P3N208H4Na3. — The  preparation  of 
this  salt  is  described  above.  It  is  easily  soluble  in  water,  this  solution 
leaving  orf  evaporation  a  mass  of  indistinct  prisms.  Precipitated  from 
its  aqueous  solution  by  alcohol,  it  usually  forms  granules  without  evi- 
dence of  crystalline  form ;  but  when  very  slowly  precipitated  it  may  be 
obtained  as  flat,  very  obtusely  pointed  prisms  or  rhombic  plates,  visible 
only  when  magnified  400  diameters.  It  contains  no  crystal  water.  The 
substance  dried  at  100^  gave : 


'  Calculated  for 
PjNjCH^Na,. 


Found. 


I 


P  . 

N. 
Na 


28.89 

8.72 

21. 45 


28.73 

8.77 

20.69 


P  :  N  :  Na^3  :  2.02  :  2.92. 

A  pentasodium  salt  probably  exists,  being  obtained  by  decomposing 
the  penta-silver  salt  with  sodium  chloride.    It  has  alkaline  reaction 
mad  18  precipitated  by  alcohol  as  an  uncrystaUizable  sirup. 
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The  tri-sodinm  salt  is  uot  precipitated  even  in  strong  solution  by 
magnesium  chloride  or  magnesia  mixture  unless  the  latter  contains 
much  ammonia;  in  this  case  the  resulting  precipitate  is  easily  soluble 
in  ammonium  salts,  and  hence  is  probably  merely  magnesium  hydroxide. 
Barium  chloride  precipitates  from  a  not  too  dilute  solution  microscopic 
sx)hernles,  which  dissolve  readily  in  a  cold,  strong  solution  of  sodium 
chloride.  On  boiling  this  solution  a  crystalline  precipitate  is  at  once 
formed,  consisting  of  microscopic  rhombohedra  (t)  resembling  sodium 
barium  trimetaphosphimate  and  probably  a  double  salt. 

Silver  salts. — Two  of  these  were  obtained,  one  having  the  formula 
P3N208H4Ag3,  and  the  other  P30208H2Ag5.  The  tendency  to  formation 
of  the  latter  is  so  strong  that  a  solution  of  the  tertiary  sodium  salt  gives, 
with  silver  nitrate,  a  white  amorphous  precipitate,  which,  however,  is 
mixed  with  some  crystals  of  the  former. 

Tri'Silver  diimidotr {phosphate^  PaNaOgHiAga. — This  salt  is  very  char- 
acteristic. It  can  be  obtained  pure  only  by  precipitating  an  acidified 
solution  of  the  tertiary  sodium  salt  by  an  excess  of  silver  nitrate.  To 
a  solution  of  the  sodium  salt  in  30  parts  water,  1  to  2  molecular  weights 
nitric  acid  are  added,  and  then  silver  nitrate  gradually;  as  soon  as  a 
milkiness,  due  to  the  formation  of  the  penta  salt,  is  observed,  more  acid 
is  a<lded,  and  then  more  silver  nitrate,  acid  being  added  as  often  as 
necessary;  the  crystallization  soon  starts,  but  several  times  the  theo- 
retical amount  of  nitrate  is  required,  and  under  no  circumstances  is  the 
precipitation  complete.  Generally  spherules  with  many  rhombic  facets 
are  obtained,  but  with  slow  crystallization  (from  more  dilute  solutions) 
the  forms  shown  in  figs.  5  and  0  result. 


I-^g.  5. 


A=x  P<56. 


B  =  Pa) 


Fig.  6. 
C=oo  P  oc. 


The  colorless  crystals  are  monoclinic,  and  suggest  those  of  tertiary 
silver  trimetaphosphimate,  but  are  shorter  and  thicker,  and  approach 
more  nearly  to  the  orthorhombic  form.  No  other  fjices  are  ever  seen. 
The  angle  a  (between  the  edges),  measured  under  the  microscope,  is 
very  nearly  98°;  the  acute  angle  between  the  edges  of  B  is,  roughly 
speaking,  80^,  so  that  when  the  form  fig.  6  occurs,  and  this  face  is 
uppermost,  it  is  apt  to  be  mistaken  under  superficial  observation  for 
trimetaphosphimate  (angle  a,  78^). 
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The  salt  is  practicably  insoluble  in  water,  easily  in  ammonia,  and 
rather  difficultly  in  dilute  nitric  acid.  When  pure  it  is  not  discolored 
by  light  or  by  caustic  soda.  It  contains  no  crystal  water.  Analysis 
gave: 


1 

Calculated  for 
r,NAU4Ag,. 

Found. 

^• 

2. 

p 

N 

16.14 

4.87 

56.10 

16.39 

4.76 

55.94 

16.29 

Ag 

56.36 

1.  P  :  N  :  Ag=3  :  2.01  : 2.94.     Direct  from  decompoHed  solution  of  trinieta- 
phosphimio  acid. 

2.  P :  Ag  =  3 : 2.99.     From  sodium  salt. 

Penta-silver  diimidotriphosphatej  P2N2  08H2Ag5.  —  One  molecular 
weight  tertiary  sodium  salt  is  dissolved  with  addition  of  not  less  than 
1^  nor  more  than  4  molecular  weights  ammonia,  and  added  to  an  excess 
of  a  solution  of  silver  nitrate;  the  pure  white  amorphous  voluniinons 
precipitate  is  washed,  sucked  out,  and  dried  in  vacuo.  When  fresh  it 
is  colorless,  but  on  drying  it  assumes  a  yellowish  tint,  and  after  stand- 
ing for  some  time  it  is  partially  converted  into  crystals,  the  nature  of 
which  was  not  determined.  On  boiling  with  water  it  also  becomes 
yellowish,  and  in  each  case  the  change  of  color  is  accompanied  by 
decomposition,  iis  its  ammoniacal  solution  is  partially  precipitated  in 
amorphous  form  by  magnesia  mixture,  an  effect  which  is  not  observed 
in  the  perfectly  fresh  white  salt.  Warming  with  ammonium  nitrate 
destroys  the  yellow  color,  which  is  consequently  not  due  to  silver  phos- 
phate. The  fact  that  it  remains  white  on  boiling  with  ammonium 
nitrate  serves  to  distinguish  it  from  the  trimetaphosphimates,  the  more 
basic  silver  salts  of  which,  as  pointed  out,  become  orange-red  under 
these  conditions.  The  salt  is  very  difficultly,  yet  perceptibly,  soluble  in 
water,  and  is  reprecipitated  by  adding  considerable  silver  nitrate;  it  is 
easily  soluble  in  ammonia,  and  nitric  acid  converts  it  partly  into  the 
tertiary  salt  before  dissolving  it. 

Dried  at  100°  it  gave : 


Calculated  fur 
P,N,OAA  .. 

11.77 

3.55 

(J8.23 

Found. 

1 

11.96 

3.65 

68.92 

3 

p 

12.05 

3.66 

68.96 

11.75 

N 

Ag 

69.24 

1.  P  :N  :  Ag  =  3:2.02  :  4.94. 

2.  P  :  N  :  Ag  =  3  :  2.02  :  4.97. 

3.  P  :Ag  =  S:6.0S, 
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Attempts  to  replace  one  or  both  of  the  remaining  hydrogen  atoms 
by  silver  proved  ansnccessful.  If  the  tertiary  sodium  salt  be  dissolved 
with  1-2  molecular  weights  caustic  soda,  or  even  with  5-6  molecular 
weights  ammonia,  and  added  to  silver  nitrate,  the  resulting  precipitate 
is  discolored  by  free  silver  oxide.  On  standing  several  days  it  becomes 
yellow,  but  its  ammoniacal  solution  is  now  precipitated  by  magnesia 
mixture,  indicating  decomposition.  The  magnesia  precipitate  gave  a 
silver  salt  resembling  tertiary  imidodiphosphate,  but  the  exact  nature 
of  the  decomposition  was  not  investigated. 

IMIDODIPHOSPHORIC  ACID,   P,NOsHg. 

This  is  probably  the  substance  described  by  Gladstone  under  the 
name  pyrophosphamic  acid.  It  is  moderately  stable  in  cold,  not  too 
acid,  solution,  and  hence  occurs  in  large  amount  among  the  decomposi- 
tion products  of  trimetaphosphimic  acid. 

Tri^odium  imidodiphosphate^  obtained  by  decomposing  the  tertiary 
silver  salt  by  sodium  chloride,  has  alkaline  reaction.  Its  solution,  as 
well  as  that  of  the  tetra  sodium  salt,  is  precipitated  by  alcohol  as  a 
simp  which  can  not  be  made  to  crystallize,  and  the  aqueous  solution 
of  which  dries  to  a  transparent  gummy  mass.  It  is  more  soluble  in 
dilute  alcohol  than  sodium  pyrophosphate. 

The  magnesium  salt  above  described  is  amorphous,  voluminous,  and 
nearly,  but  not  quite,  insoluble  in  water,  and  somewhat  more  soluble 
in  solutions  of  ammonium  salts. 

Tri-9ilver  imidodipho8phat€j  P3N06H2Ag3. — This  is  obtained  as  an 
amorphous,  white  precipitate,  when  the  free  acid,  or  a  solution  of  a 
tertiary  salt  is  precipitated  by  silver  nitrate.  Thus  formed,  it  tends 
to  collect  in  small  lumps,  a  prox)erty  which  distinguishes  it  from  any 
of  the  other  silver  salts  referred  to  in  this  paper.  When  precipitated 
by  acid  frt>m  its  ammoniacal  solution  it  forms  a  powder  that  settles 
slowly.  When  slowly  separating,  or  when  precipitated  from  hot  solu- 
tions, it  forms  semicrystalline  granules,  often  united  to  crusts  or  den- 
dritic forms.  When  formed  in  a  moderately  acid  solution  it  usually 
shows  a  slight  deficiency  of  silver  (analyses  1-2),  probably  due  to  a 
trace  of  a  more  acid  salt;  but  such  a  salt  can  not  be  obtained  in  pure 
form.  Pure  tertiary  salt  can  be  obtained  by  decomposing  the  crude 
salt  with  somewhat  less  than  the  required  amount  of  sodium  chloride, 
and  reprecipitating.  It  is  insoluble  in  water  and  is  not  affected  by 
light. 

BuU.  167- 
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Dried  at  100*^  it  gave : 


P. 

N. 


Ag 


CalcnUted  for 
P,NO.H,Ag,. 

Found. 

• 

1. 

2. 

3. 

4. 

12.60 

2.96 

65.06 

5. 

12.47 

2.82 

65.03 

13.19 

3.13 

63.70 

12.75 

3.14 

63.87 

12.34 

2.86 

65.21 

12.19 

2.92 

66.46 

1.  P  :N  :Ag  =  2  :  1.05  :  2.78. 

2.  P:N  :  Ag=2:1.09  :  2.78. 

3.  P:N  :  Ag  =  2  :  1.02  :  3.04. 

4.  P  :N  :  Ag  =  2  :  1.04  :  2.97. 

5.  P  :N  :  Ag  =  2  :  1.06  :  3,14. 

Tetra-silver  imidodiphosphate,  P2N06HAg4. — This  salt  exists  iu  a 
white  and  in  a  yellow  form.  The  former  is  obtained  by  precipitating  a 
solution  of  silver  oxide  in  ammonium  nitrate  by  the  sodium  salt.  It 
forms  a  voluminous,  flocculent  precipitate,  which  remains  white  only  in 
presence  of  its  mother  liquor;  on  washing  out  it  undergoes  partial 
transformation  into  the  yellow  form,  the  same  change  occurring  tem- 
porarily on  boiling  under  the  mother  liquor.  It  shows  a  slight  defi- 
ciency of  silver  (analysis  4). 

The  yellow  form  is  obtained  as  an  amorphous,  flocculent  precipitate 
by  adding  an  ammoniacal  solution  of  an  imidodiphosphate  to  an  excess 
of  silver  nitrate  (analyses  1-2),  or  as  an  imperfectly  crystalline  powder, 
by  evaporating  such  an  ammoniacal  solution,  containing  an  excess  of 
silver,  over  sulphuric  acid  (analysis  3).  From  this  it  appears  that  the 
remaining  hydrogen  atom  is  not  replaceable  by  metal.  The  difiference 
between  the  white  and  yellow  forms  is  perhaps  due  to  tautomerism. 

Dried  at  100^,  it  gave: 


Calculated  for 
PtNOcHAgi. 

Found. 

1. 

10.17 

2.28 

72.19 

1 
2.                      3. 

4. 

p 

10.27 

2.32 

71.39 

10.07     1 

10.80 

N 

2.45      

Ag 

72.35          71.01 

1 

69.72 

'*&  . ...... ...... .... 

1.  P  :N  :  Ag  — 2  :  0.99 

2.  P  :N  :  Ag  — 2  :  1.07 

3.  P  :  Ag  =  2  :3.71. 

:  4.01. 
:  4.13. 

Imidodiphosphoric  acid  is  easily  distinguished  from  diimidotriphos- 
phoric  acid  by  the  insolubility  of  its  magnesium  salt,  by  the  peculiar 
granular  or  lumpy  appearance  of  its  tertiary  silver  salt,  by  its  sirupy 
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tertiary  sodium  salt,  and  by  its  ammoniacal  solation  giving  a  yellow 
salt  with  silver  nitrate,  while  the  silver  salt  of  the  latter,  found  under 
the  same  conditions,  is  either  white,  or,  when  too  much  ammonia  has 
been  used,  discolored  by  silver  oxide. 

Ferric  imidodiphosphate. — No  analysis  of  this  was  made.  It  is  thrown 
down  on  boiling  an  acidified  solution  with  a  ferric  salt  as  a  white, 
amorphous  precipitate,  difficultly  soluble  in  acids  and  easily  soluble  in 
ammonia. 

Cupric  imidodiphosphates, — Several  of  these  appear  to  exist.  The 
amorphous,  light- blue  precipitate  formed  by  cupric  sulphate  in  a  solu- 
tion of  the  sodium  salt  redissolves  in  an  excess  of  the  latter,  is 
again  reprecipitated  by  an  excess  of  cupric  salt,  but  under  no  cir- 
cumstances completely.  It  dissolves  in  caustic  potash  to  a  violet 
solution.  The  soluble  sodium  double  salt  is  partially  precipitated  on 
heating  its  aqueous  solution,  the  precipitate  redissolving  on  cooling. 
The  precipitate  with  excess  of  cupric  sulphate  dissolves  readily  in  cold 
acetic  or  sulphurous  acid,  and  is  temporarily  reprecipitated  on  heating 
the  solution,  unless  too  dilute  and  too  strongly  acid,  in  which  case  some 
pyrophosphate  crystallizes  out  on  long  heating.  The  same  temporary 
precipitation  occurs  in  a  less  degree  on  heating  its  solution  in  very 
dilute  nitric  acid. 

The  property  of  being  precipitated  from  an  acid  solution  on  boiling 
is  one  which  cupric  imidodiphosphate  shares  with  the  pyrophosphate, 
and  the  same  is  observed  with  the  magnesium  salts,  but  with  the  dif- 
ference that  the  pyrophosphates  do  not  redissolve  on  cx)oling,  while 
the  imidodiphosphates  redissolve  either  at  once  or  in  a  short  time. 
It  is  not  possible  to  eifect  a  complete  separation  of  the  two  acids  in 
this  way,  however,  for  if  pyrophosphoric  acid  be  present,  more  or  less 
imidodiphosphate  remains  in  the  permanent  precipitate,  apparently 
because  of  the  formation  of  complex  salts  containing  both  acids.  The 
only  method  for  separating  the  two  acids  when  mixed  in  approximately 
equal  proportions  is  to  convert  them  into  the  sodium  salts,  and  to  pre- 
cipitate repeatedly  by  alcohol,  finally  recrystallizing  the  pyrophosphate 
from  water. 

Decomposition  of  imidodiphosphoric  acid, — When  a  soluble  imidodi- 
phosphate is  boiled  with  acetic  acid,  it  is  converted  for  the  most  part 
into  orthophosphoric  acid,  and  to  a  much  less  extent  into  pyrophos- 
plioric  acid.  The  signficance  of  this  fact  is  pointed  out  in  the  intro- 
duction to  section  2  of  this  papei.  A  solution  of  the  sodium  salt  (which 
analysis  has  proved  to  be  free  from  pyrophosphate)  in  30-60  parts  water 
is  weakly  acidified  With  acetic  acid,  boiled  seven  to  eight  minutes,  and^ 
cooled.  If  this  solution  be  made  alkaline  with  caustic  soda,  and  alcohol 
added,  an  abundant  crystallization  of  tertiary  sodium  phosphate  is 
formed,  which  may  be  recognized  by  its  crystalline  form  and  by  the 
usual  reactions.  In  this  the  microscope  shows  a  few  crystals  of  sodium 
pyrophosphate.    The  latter  acid  may  be  isolated  by  making  use  of  tk^ 
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fact  that  a  solution  of  freshly  precipitated  inagnefiiuui  pyrophosphate  in 
excess  of  cold  acetic  acid  is  quantitatively  precipitated  on  boiling,  in  a 
permanently  insoluble  form,  while  magnesium  orthophosphate  remains 
dissolved.  The  above  weak  acetic  solution  is  mixed  with  magnesium 
acetate  in  excess,  the  precipitate  dissolved  by  adding  about  one-fifth 
volume  of  strong  acetic  acid,  and  boiled  a  few  minutes.  The  precipitated 
granular  magnesium  pyrophosphate  is  dissolved  in  nitric  acid,  in  the 
manner  described  for  the  separation  of  the  decomposition  products  of 
trimetaphosphimic  acid,  converted  into  silver  salt  and  then  into  sodium 
salt.  This,  after  several  precipitations  by  alcohol,  is  recrystallized  ftom 
water.  A  careful  determination  of  the  yield  of  pyrophosphoric  acid  in  two 
experiments  gave  13.5  and  10  per  cent  of  the  theoretical.  For  analysis 
the  sodium  salt  was  converted  into  silver  pyrophosphate,  which  gave: 


p  . 


Caloulated  for 
Ag«P,0,. 


10.24 
71.27 


Decomposition  ok  Sodium  Tbimbtaphosphimatb  by  Acbtic  Acid. 

As  before  pointed  out,  this  salt  is  not  decomposed  by  acetic  acid  in 
the  cold,  or  on  short  heating.  If,  however,  its  solution  is  heated  for 
two  or  three  hours  with  3D  per  cent  acetic  acid  and  magnesium  acetate, 
under  the  conditions  mentioned  under  the  magnesium  salt,  a  granular 
precipitate  is  obtained,  consisting  of  a  mixture  or  double  salt  of  magne- 
sium pyrophosphate  and  imidodiphosphate,  which  does  not  perceptibly 
redissolve  on  cooling,  while  the  liquid  contains  much  orthophospboric 
acid.  The  sodium  pyrophosphate,  separated  from  this  by  the  above 
method,  showed  the  characteristic  form.  For  analysis  it  was  converted 
into  the  silver  salt,  and  gave: 


P  . 

Ag 


Caloalated  for 
Ag4P,0,. 


10.24 
71.27 


3.  ON  TETRAMETAPHOSPHIMIC  ACID. 

Trimetaphosphimic  acid  and  its  decomposition  products  have  been 
described  in  the  preceding  pages.  Some  account  will  now  be  given  of  the 
next  higher  member  of  the  series,  tetrametaphosphimic  a4nd,  P4N4O8H8, 
which  results  from  the  decomposition  by  water  of  tetraphosphonitrilic 
chloride,  P4N4OI8.  The  molecular  weight  of  the  chloride  having  been 
established  with  certainty,  that  of  the  acid  follows  directly.  Although 
the  free  acid  crystallizes  with  2  molecules  of  water,  the  silver  salts  and 
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the  acid  potassiam  and  ammonium  salts  are  anhydrous  and  conform  to 
the  above  formala. 

Notwithstanding  the  proximity  of  these  two  acids  iii  the  series,  and 
the  general  similarity  of  the  chloronitrides  from  which  they  are  derived, 
they  differ  exceedingly,  trimetaphosphimic  acid  being  extremely  sola- 
ble,  ancrystallizable,  undergoing  rapid  spontaneous  decomposition,  and 
yielding  but  two  series  of  salts;  while  tetrametaphosphimic  acid  is  very 
difficultly  soluble,  highly  crystalline,  permanent  when  dry,  offers 
marked  resistance  to  the  action  of  acids,  and  forms  three  series  of  salts, 
P4N40bH«M'2,  P4N408H4M'4,  aud  P4N408M'8.  Those  metals  which  form 
insoluble  salts  are  precipitated  from  solutions  of  their  chlorides  or 
nitrates  even  by  the  free  acid,  but  a  very  slight  excess  of  either  being 
required  to  make  the  precipitation  complete.  As  is  the  case  with  tri- 
metaphosphimic acid,  the  Satom  silver  salt  exists  in  a  white  and  a 
yellow  modification,  the  former,  however,  being  very  unstable ;  these 
may  be  regarded  as  corresponding  to  the  tautomeric  forms  (PN(OH)2)t 
and  (PO.NH.OH)^.  Under  the  action  of  stronger  acids  it  is  ultimately 
converted  into orthophosphoric  acid  and  ammonia,  but  its  great  stabil- 
ity, and  the  instability  of  the  intermediate  products,  have  rendered  the 
isolation  of  the  latter  impossible. 

Experimental  data  for  a  discussion  of  the  constitution  of  the  acid 
are  therefore  almost  wholly  wanting.  Presumably  the  phosphorus 
atoms  in  the  nucleus  P4N4  are  united  by  nitrogen  atoms,  but  whether 
they  constitute  a  ring  of  8  atoms  can  not  be  decided  definitely  in  the 
absence  of  intermediate  decom|)Osition  products.  It  is  quite  likely  that 
the  reason  of  the  greater  stability  of  the  acid  may  be  found  in  steric 
considerations,  and  in  this  connection  it  is  interesting  to  observe  that 
while  P4N4O8H8  is  much  more  stable  than  PaNjOeHe,  the  reverse  is  true 
of  the  chloronitrides,  for  while  P4N4GI8  also  resists  the  action  of  boiling 
water  and  can  be  distilled  with  steam,  it  is  perceptibly  easier  to  sapon- 
ify than  P3N3OI6.    If  we  assume  the  formulas 

PCI,  PCI,  =  N 

^  %  /  \ 

N        N  K  PCI, 

I  I  •and  H       .  II 

C1,P  PCU  Cl.P  N 

:\/  '  \       / 

N  N  =  PC1, 

for  the  chloronitrides,  and 

PO.OH  IIO.PO— NH 

HN        NH  and  HN  PO.OH 

HO.PO      PO.OH  HO.PO  NH 

NH  NH  — PO.OH 

for  the  acids,  it  is  obvious  that  the  nitrile  configuration  is  more 
stable  in  a  ring  of  6  than  in  one  of  8  atoms,  while  for  the  group— NH 
-PO(OH)-HH-.  the  reverse  is  true. 
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KXPERIMKNTAL    PART. 

Preparation  of  tetrametaphoftphitnio  a^d, — TetraphospLiouitrilic  chlo- 
ride can  be  saponified  by  alcoholic  alkalies,  bat  the  yield  of  tetrameta- 
phosphimic  acid  is  x>oor,  owiug  to  the  formation  of  ethers,  which, 
however,  can  be  decomposed  by  prolonged  treatment.  Satisfactory 
results  are  obtained  by  using  an  ethereal  solution,  which  is  agitated, 
in  the  manner  described  under  trimetaphosphimic  acid,  with  either 
water,  ammonia,  or  a  solution  of  ammonium  acetate. 

Decomposition  by  icater. — As  tetrametaphosphimic  acid  is  not  per- 
ceptibly atta.cked  by  cold  hydrochloric  acid,  water  may  be  used  when 
it  is  desired  to  obtain  the  free  acid  directly.  One  part  P4N4CI8  is  dis- 
solved in  15  volumes  alcohol-free  ether  and  gently  agitated  with  5  vol- 
umes water.  Within  half  an  hour  needles  of  the  free  acid  begin  to 
separate  from  the  aqueous  portion,  and  after  many  hours  the  latter  has 
become  converted  into  a  thick  pasty  mass  of  needles  suspended  in 
dilute  hydrochloric  acid.  Ohlorhydrines  are  formed  as  intermediate 
products,  and  these  remain  dissolved  in  the  ether.  It  is  not  necessary 
to  continue  the  agitation  until  they  are  completely  decomposed;  as' 
soon  as  a  few  drops  of  the  ether  leave  a  residue  wholly  soluble  in 
water,  the  ether  is  decanted  and  the  aqueous  portion  filtered,  the 
crystals  being  washed  with  10  per  ceiit  hydrochloric  acid  or  alcohol. 
The  ethereal  portion,  containing  the  chlorliydrines,  is  evaporated  cau- 
tiously. The  chlorhydrines  which  remain  as  an  oil  from  which  crystals 
separate  after  complete  removal  of  the  ether,  are  dissolved  in  a  little 
cold  water  and  warmed,  with  addition  of  dilute  hydrochloric  acid,  in 
which  tetrametaphosphimic  acid  is  much  less  soluble  than  in  pure 
water.  The  separation  of  the  acid  is  nearly  complete  after  a  few  min- 
utes. This  portion  is  bett-er  crystallized  than  that  obtained  directly, 
but  is  otherwise  the  same.  The  acid  may  be  recrystallized  from  hot 
water,  but  this  is  (juite  unnecessary.    Yield,  about  theoretical. 

Decomposition  by  ammonia, — The  ethereal  solution  of  the  chloroni- 
tride  is  shaken  for  a  short  time  with  aqueous  ammonia.  This  does  not 
give  chloraraide  as  is  the  case  wit^  P3N3CI6,  but  produces  at  once 
neutral  ammonium  tetrametaphosphimate,  P4N408H4(NH4)44-4:H20, 
which  is  precipitated  by  adding  alcohol  and  washed  with  dilute  alco- 
hol.   The  decomposition  is  complete  in  a  few  minutes. 

Decomposition  by  ammonium  acetate.—OnQ  part  chloronitride,  dis- 
solved in  15  volumes  ether,  is  agitated  with  a  solution  of  4  parts 
ammonium  acetate  in  8  parts  water.  After  several  hours  crystals 
begin  to  separate.  The  final  product  is  a  mixture  of  acid  ammonium 
salt  with  some  neutral  salt  and  some  free  acid,  and  is  nearly  insoluble 
in  the  strong  salt  solution.  It  is  washed  with  alcohol,  dissolved  in 
dilute  ammonia,  and  reprecipitated  by  alcohol.  Yield,  theoreticaL 
Ammonium  acetate  is  to  be  preferred  to  sodium  acetate,  as  the  sodium 
salt  does  not  precipitate  well  with  alcohol. 

Chlorhifdrines. — ^on^  of  these  were  isolated.    The  oil  left  on  distill- 
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iiig  off  the  ether  solidifies  to  plates  as  soon  as  the  ether  is  completely 
removed.  The  crystalline  substance  is  much  more  soluble  in  ether  than 
the  chloronitride,  even  momentary  exposure  to  ether-vapor  causing  it 
to  liquefy.  It  dissolves  in  cold  water  to  a  clear  solution,  from  which, 
in  a  few  minutes,  or  sooner  on  warming,  tetrametaphosphimic  acid  is 
deposited.  On  one  occasion  the  flask  containing  the  chlorhydrines 
was  placed  in  hot  water  and  a  current  of  dry  air  passed  through. 
Some  hydrochloric  acid  was  given  off,  and  on  treatment  with  water 
incomplete  solution  occurred,  a  portion  being  converted  into  a  sandy 
powder,  which,  under  the  microscope,  was  seen  to  consist  of  short, 
spindle-shaped  crystals.  This  acid  was  insoluble  in  boiling  water,  and 
warm  ammonia  converted  it  without  dissolving  into  an  acicular  ammo- 
nium salt,  difficultly  soluble  in  water  and  insoluble  in  an  excess  of 
ammonia;  nitric  acid  dissolved  this  salt,  which  was  precipitated  by 
ammonia  in  a  bulky  amorphous  form  like  precipitated  alumina,  which 
quickly  changed  to  needles.  This  ammonium  salt  was  very  slowly 
attacked  by  hot  concentrated  sulphuric  acid,  and  contained  27.96  x)er 
cent  phosphorus  and  13.28  per  cent  nitrogen  (P  :  !N=4  :  4.2).  Lack  of 
material  prevented  further  study  of  Lhis  finely  crystallized  acid,  of  the 
nature  of  which  I  can  form  no  conjecture. 

Tetrametaphosphimic  acidj  P4N4O8H8+2H2O. — The  free  acid  may  be 
prepared  by  the  first  method  above  described.  It  is  not  readily  ob- 
tained pure  by  decomposing  most  of  its  soluble  salts,  as  even  in  the 
presence  of  a  large  excess  of  acid  more  or  less  acid  salt  is  deposited. 
Thus  on  dissolving  neutral  ammonium  salt  and  adding  a  large  excess 
of  hot  5  per  cent  nitric  acid,  nearly  pure  acid  salt  was  obtaiued.  It 
may  also  be  prepared  by  boiling  the  silver  salt  with  much  water,  con- 
taining about  the  requisite  amount  of  hydrochloric  acid  for  its  decom- 
position, and  precipitating  by  further  addition  of  the  same  acid  to  the 
filtrate. 

The  analytical  methods  are  the  same  as  those  employed  for  trimeta- 
phosphimates,  but  much  longer  heating  with  strong  sulphuric  acid  is 
necessary  because  of  its  greater  stability. 

Analyses  of  four  air-dried  preparations  gave: 


CalcaUted  for 
P4N40«H,+2H20. 

Found. 

1. 

2. 

3. 

4. 

p 

35.23 

15.94 

3.41 

35.01 
15.93 

35.27 

35.38 

15.99 

3.55 

35.20 

15.92 

3.59 

N 

H 

1.  P  :  N^4  :  4.02. 

3.  P  :  N  :  H=4  :  4.06  :  12.43.     From  chlorhydrine. 

4.  P  :  N  :  H'.=4  :  4  :  12.64.    First  method,  from  aqneouB  portioD. 

The  crystal  water  is  not  given  off  in  vacuo  over  sulphuric  acid.    At 
lOQo  it  loses  weight  rapidly;  then  slowly,  bat  the  tx)tal  \oi^  \k!^\«r 
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reaches  the  theoretical,  a  portion  of  the  water  being  taken  up  in  pro- 
ducing intramolecular  changes. 

Loss  calculated  for  2H3O 10.22 

(1)  Loss  after  twenty- four  hours  ( weight  coDstant) 9. 37 

(2)  Loss  after  seventy-eight  hours  ( weight  constant) 8. 91 

If  rapidly  heated  to  130-140<=^  the  loss  is  still  less,  and  is  soon  replaced 
by  a  gain;  after  thirty  hours  at  this  temperature  a  net  increase  of 
11.15  per  cent,  corresponding  to  somewhat  more  than  2  molecules  H^O, 
was  observed,  which  must  have  come  Irom  the  atmosphere.  The 
product  consisted  of  unchanged  acid  with  ammonium  phosphate  and 
apparently  pyrophosphate. 

Tetrametaphosphimic  «cid  forms  colorless  needles,  either  single  or  in 
radiating  groups,  and  visible  without  a  lens;  they  appear  to  consist  of 
flat  rectangularly  terminated  prisms.  One  hundred  parts  water  at  20^ 
dissolve  0.G4  part  crystallized  acid;  in  boiling  water  it  is  somewhat 
more  soluble,  but  is  insoluble  in  alcohol.  From  its  saturated  aqueous 
solution  it  is  partially  precipitated  by  adding  one  of  the  stronger  acids,- 
and  more  rapidly  if  heated;  100  parts  by  weight  of  10  per  cent  nitric 
acid  at  20^  dissolve  only  0.26  part  of  the  crystallized  acid,  but  on 
decomposing  its  salts  in  the  cold  by  an  excess  of  acid  it  frequently  dis- 
solves completely  and  separates  out  later.  Its  saturated  aqueous  solu- 
tion does  not  coagulate  albumen.  Boiling  alkaline  solutions  cause  no 
evolution  of  ammonia.  Its  stability  toward  acids  is  illustrat-ed  by  the 
following:  0.1  gram,  dissolved  in  200  cubic  centimeters  water  with  8 
cubic  centimeters  strong  nitric  and  some  hydrochloric  acid,  was  evapo- 
rated to  dryness  on  the  water  bath,  whereby  a  large  part  was  recov- 
ered unchanged;  ten  minutes'  heating  would  have  sufficed  for  the  total 
decomposition  of  the  same  quantity  of  trimetaphosphimic  acid.  Nitrous 
acid  has  no  perceptible  action. 

Di'potassium  tetrametaphoaphimatej  P4N4O8H6K2. — The  free  acid  dis- 
solves easily  in  cold  dilute  caustic  potash;  on  strongly  acidifying  with 
acetic  acid  the  solution  remains  clear,  but  on  warming  the  above  salt 
is  deposited  as  a  heavy,  sandy  powder,  consisting  of  microscopic  thick 
rectangular  (quadratic?)  prism's  with  basal  planes.  It  is  very  difficultly 
soluble  even  in  boiling  water. 

The  air-dried  substance  lost  nothing  at  100^  and  gave: 


Calcalated  for 
P4N40gH«K,. 

Found. 

V 

31.61 
19.93 

31.26 
20.05 

K 

P:K=4:2.03. 


The  tetra-potassium  salt  formed  large,  flat,  obliquely  terminated 
plates,  very  soluble,  and  was  not  isolated. 

Tetra-sodium  tetranietaphoaphimate,  P4N408H4Na4  +  2i(!)H,0. — ^The 
flo/J  is  suspended  in  a  little  water  and  an  excess  of  dilate  coastio  aoda 
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added,  whereby  complete  solution  occurs.  The  separatioH  of  the  neu- 
tral salt  800U  begins  in  the  form  of  obliquely  terminate<l  flat  prisms, 
sometimes  single,  sometimes  in  twins  or  quadruplets;  the  filtrate  de- 
posits more  on  heating,  but  in  imperfect  forms,  broader  at  one  end 
than  at  the  other.  Sometimes  nothing  separates  from  the  alkaline 
solution  until  it  is  heated.  On  the  contrary,  strong  caustic  soda  con- 
verts the  solid  acid  in  the  salt  without  dissolving  it  The  salt  is  rather 
difficultly  soluble  in  cold,  quite  easily  in  hot,  water,  but  much  less  sol- 
uble in  the  presence  of  an  excess  of  alkali,  and  the  latter  throws  it 
down  from  its  saturated  aqueous  solution.  Sodium  carbonate  gives 
the  same  salt. 

The  substance,  pressed  out  without  washing  and  dried  in  vacuo,  lost 
nothing  at  100^  and  gave: 


Calculated  for 

Found. 

1 

27.61 
21.23 

2 

p 

27.62 
20.50 

27.71 

Na 

20.80 

1.  P:Na  =  4:4.U. 

2.  P:Na  =  4:4.05. 

Alcohol  precipitates  this  salt  in  a  slimy  form,  which  Alters  with  dif- 
ficulty. 

A  solution  of  the  tetra-sodium  salt,  strongly  acidified  ^vith  acetic 
acid,  gave  a  deposit  of  granules,  probably  the  acid  salt.  A  salt  with 
more  than  4  atoms  of  sodium^  was  not  observed. 

Tetra  -  ammonium  tetrametaphoaphimate^  P<N408H4(NH4)4+4H2(). — 
Strong  ammonia  converts  tetrametaphosphimic  acid  into  this  salt  with- 
out dissolving  it;  from  its  solution  in  weaker  ammonia  it  is  precipitated 
by  alcohol.  It  usually  forms  well-developed,  flat,  monoclinic  prisms  with 
pinakoid  and  basal  planes,  the  base  being  occasionally  replaced  by  a 
set  of  many  small  planes.  It  is  easily  soluble  in  water,- but  difficultly  in 
strong  ammonia.  Its  solution  undergoes  partial  decomposition  into  acid 
salt  on  evaporating.    It  loses  nothing  in  vacuo,  and  analysis  gave: 


Calculated  for 

P4N40^H4,4 

Foiiud. 
2 

1 

3 

p 

27.19 

24.61 

6.15 

27.12 
24.74 

27. 25 

N 

24.66    : 

H 

.5.94 

1 

1.  P:N  =  4:8.12. 
3.  P:N  =  4:8. 


■  ComiNure  the  behtivior  of  trimetaphoephimio  acid  toward  exceaa  of  alkali. 
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IH-ammonitim  tetrametaphofiph ima te^  P  4  N  4  O  b  H  e  ( N  H 4 )  2«-*-Thi8  salt 
forma  whenever  a  solution  of  the  neutral  salt  is  strongly  acidified,  and 
was  at  first  mistaken  for  the  free  acid,  which  it  somewhat  resembles. 
It  forms  4-  and  6-sided  prisms  with  base  (tetragonal  f),  closely  resem- 
bling the  acid  potassium  salt,  and,  like  this,  is  very  diflicnltly  solu- 
ble even  in  boiling  water.  It  separates  on  heating  a  solution  of  the 
neutral  salt  with  acetic  acid  in  excess  (analyses  1  and  2),  or  with  a 
stronger  acid,  in  which  case  it  may  be  slightly  contaminated  with  free 
acid.  The  i)reparation  under  analysis  3  was  crystallized  from  a  large 
excess  of  hot  5  per  cent  nitric  acid.  It  contains  no  crystal  water. 
Analysis  gave: 


Found. 


Calculate<l  for 
P4N40.U«(Nn4)». 


1. 


P 

N 


35.42 
24. 04 


34.41 
24. 32 


35. 10  i   a5. 20 
24. 33     23. 17 


1.  P:N=:4:6.26. 

2.  P:N  =  4:6.15. 

3.  P:N  =  4:5.82.  ^ 

Barium  tetrametaphoftphimate^  P4y408H4Ba>  -f  2H2O. — ^A  solution  of 
the  di-  or  tetra-ammonium  salt  in  500  parts  cold  or,  better,  boiling  water, 
is  precii)itated  by  an  excess  of  barium  chloride.  The  salt  forms  a 
voluminous  precipitate  consisting  of  microscopic  needles,  branched  or 
forked,  insoluble  in  water,  and  undecomposed  by  acetic  acid.  These 
have  approximately  the  composition  of  neutral  salt,  with  a  slight  defi- 
ciency of  barium. 

The  air-dried  salt  lost  nothing  at  100^  and  gave: 


P. 

Ha 


Calculated  for 

l'4N40«H4Ba, 

+2naO. 


20. 28 
44.83 


Found 

1 

1 

1. 

2. 

20.17 

20. 18 

42.91 

42. 39 

1.  P:Ba=^4:1.93. 

2.  P:Ba  =  4:1.90. 


Froui  acid  ammonium  salt. 
From  Dciitral  ammonium  salt. 


Basic  barium  salts  of  indefinite  properties  seem  to  exist,  but  no  indi- 
cation of  an  acid  salt  could  be  obtained. 

No  satisfactory  results  were  obtained  with  magnesium  salts,  a  large 
variety  of  crystalline  and  amorphous  precipitates  being  obtained  under 
different  conditions. 

Manganese  salts  give  with  free  tetrametaphosphimic  acid  a  fioccolent 
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precipitate  of  neutral  manganese  tetrametaphospbimate ;  on  adding  a 
mineral  acid  this  is  decomposed,  according  to  the  proportion  of  the 
latter,  into  acid  salt  or  free  acid,  or  a  mixture  of  both.  The  acid  salt 
forms  handsome  pinkish  rectangular  plates,  often  superposed  at  various 
angles,  and  is  one  of  the  most  characteristic  salts  obtained. 

Ferric  chloride  gives  no  precipitate  with  a  cold  dilute  solution  of  the 
neutral  ammonium  salt;  on  warming  a  white  amorphous  precipitate 
forms,  which  is  soluble  only  on  warming  with  much  hydrochloric  acid, 
from  which  solution,  on  cooling,  the  free  acid  separates. 

Tetra-silver  tetrametaphoaphimatey  P4N408H4Ag4. — If  to  a  cold  solu- 
tion of  tetrametaphosphimic  acid  silver  nitrate  be  added  the  resulting 
precipitate  is  white,  curdy,  and,  under  the  microscope,  granular  or 
amorphous;  formed  in  the  presence  of  some  alcohol  it  is  even  Hocculent. 
These  amorphous  precipitates,  after  drying,  slowly  change  to  needles, 
and  this  occurs  at  ouce  if  they  be  boiled  under  water.  The  salt  is 
obtained  at  once  in  crystalline  form  if  a  slight  excess  of  silver  nitrate 
be  adde<l  to  a  hot  solution  of  tetrametaphosphimic  acid  in  200-300  parts 
water.  It  requires  but  a  slight  excess  of  silver  nitrate  to  bring  about 
complete  precipitation,  the  liberated  nitric  acid  exercising  a  scarcely 
perceptible  solvent  action.  Neutral  ammonium  salt  may  be  used,  but 
the  addition  of  a  little  nitric  acid  is  essential,  otherwise  the  product  is 
yellowish  from  contamination  with  the  8-atom  silver  salt. 

When  precipitated  hot  the  salt  sometimes  consists  of  thick  needles 
with  tufts  or  brushes  at  each  end,  sometimes  of  long  pointed  plates, 
more  rarely  of  rhombic  plates,  and  in  no  case  are  they  well  formed  or 
very  characteristic.  An  acid  salt  could  not  be  obtained,  but  the  neutral 
salt  always  shows  a  slight  deficiency  of  silver. 

The  air-dried  substance  lost  nothing  at  100^  and  gave: 


Calculated  for 

P4N«0«U4Ag4. 

li'ound. 

• 

1. 
16.78 

2. 

3.                 4. 

5. 

6. 

p .... 

N.... 

Ag... 

16.68 

7.55 

58.04 

17.04 

17.04  ;     16.68 

16.84 

16.74 

7.62 

57.40 

.....  .■« . 

57.06 

56. 13       57. 09 

1 

57.09 

Ag  =  4  :  3.85. 
Ag  =  4  :  3.79. 
Ag  .=  4  :  3.94. 
Ag  =  4  :  3.90. 


2.  P 

3.  P 

4.  P 

5.  P 

6.  P  :  N  :  Ag  =  4  :  4.02  :  3.95. 


Octa-Silver  tetrametaphoaphimate,  P4N40aAg8. — If  an  ammoniacal  solu- 
tion of  a  tetrametaphospbimate  be  added  to  an  excess  of  silver  nitrate, 
a  yellowish  flocculent  precipitate  forms,  which  is  insoluble  in  ammonium 
nitrate  and  which  does  not  change  on  boiling  under  its  mother-liquor 
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or  under  pure  water.  On  drying  at  100^  it  became  grayish  olive 
colored,  apparently  becaase  of  the  separation  of  some  silver  oxide.  It 
gave  the  figures  under  1,  2,  and  3. 

If  a  solution  of  a  neutral  tetrametaphosphimate  be  added  to  ammo- 
niacal  silver  nitrate  containing  the  least  possible  excess  of  ammonia,  a 
nearly  white  fiocculent  precipitate  forms  in  small  amomit,  which  is 
soluble  in  ammonium  nitrate  solution  on  gently  warming;  from  this 
solution  ah  orange-yellow  semicrystalline  body  is  thrown  out  on  boiling 
for  a  moment.  The  latter  is  obtained  in  greater  abundance  by  boiling 
the  original  filtrate  from  the  silver-nitrate  precipitate.  It  seems  to  be 
merely  the  crystalline  modification  of  the  above  amorphous  yellow  salt. 
It  gave  the  figures  under  analysis  4.  The  nearly  white  modification 
is  obtained  in  greater  amount  by  using  a  solution  of  silver  oxide  in 
ammonium  nitrate  solution.  It  shows  a  considerable  deficiency  of 
silver  (P  :  Ag  =  4  : 6.7)  and  seems  to  be  less  stable  than  the  correspond- 
ing white  hexa-silver  trimetaphosphimate,  as  it  can  not  be  obtained 
entirely  free  from  the  yellow  modification.  The  yellow  form  also  shows 
a  slight  deficiency  of  silver,  and  unlike  the  trimetaphosphimate,  it  can 
not  be  converted  into  a  red  form. 

The  yellow  salts,  dried  at  lOOo,  gave: 


p  . 

Ag 


Calcnlated  for 

Found. 

P4N40,Ag,. 

1. 

2. 

S. 

4. 

10.59 
73.69 

10.47 
71.86 

10.88 
71.60 

10.80 
71.96 

10.89 
72.21 

1    P  :Ag  =  4  :7.90.^ 

2.  P  :  Ag  ^=4  :  7.57.  >  AmorphonR. 

4  :7.66.J 

4:7.63.     Semicrystalline. 


3.  P  :Ag 

4.  P  :Ag 


4.  THE  HIGHER  CHLORONITRIDES. 

In  the  first  section  of  this  paper  I  have  shown  that  in  addition  to 
the  phosphonitrilic  chloride,^  P3N3GI6,  discovered  by  Liebig,  there  exists 
another,  P4N4GI8,  of  similar  properties,  which  is  formed  at  the  same 
time,  but  in  smaller  quantity.  The  opinion  was  expressed  that  these 
bodies  belong  to  a  series  of  polymers,  (PNGl8)ny  the  existence  of  other 
members  of  which  was  indicated  by  the  formation,  in  small  amount,  of 
a  liquid  of  the  same  empirical  composition.  The  yield  of  this  second- 
ary product,  only  2  per  cent  of  the  theoretical  or  1  per  cent  of  the 
pcutachloride  used,  was  too  small  to  allow  of  its  preparation  in  quanti- 

>I  propofio  in  fatare  to  nse  the  t«nn  phofiphoras  chloronitride  to  denote  any  body  oomposed  of  phoe- 
phonis,  nitrof^n,  and  chlorine,  the  name  phosphonitrilic  chloride  being  reaerred  for  chloronitridea 
belonging  to  the  series  (PllClt)B- 
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ties  large  enough  to  admit  of  the  isolation  of  its  supposed  constitaents, 
but  a  fractionsd  distillation  of  the  few  grams  at  my  disposal  showed 
that  it  contained  crystalline  substances  of  higher  boiling  points  than 
those  of  the  two  bodies  thus  far  known. 

The  method  of  preparation  then  employed  consisted  in  distilling 
phosphorus  x)entachloride  with  a  large  excess  of  ammonium  chloride 
in  a  retort,  at  atmospheric  prcssare;  it  offered  but  little  prospect 
of  obtaining  the  higher  members.  The  total  yield  of  phosphoni- 
trilic  chloride  was  but  15  per  cent  of  the  theoretical,  most  of  the 
pentachloride  being  converted  into  '^phospham  "  by  the  excess  of  ammo- 
nium chloride,  while  only  those  members  could  be  obtained  which  dis- 
till unchanged  at  atmo&pheric  pressure.  'Decreasing  the  amount  of 
ammonium  chloride  resulted  only  in  a  loss  of  pentachloride  by  volatiliza- 
tion, without  increasing  the  yield  of  the  bodies  sought  after. 

The  following  method  has  been  found  to  give  entirely  satisfactory 
results;  several  new  bodies  have  been  obtained,  and  the  simpler  phos- 
phonitrilic  chlorides,  at  least,  are  now  easily  accessible  substances.  If 
equal  molecular  weights  of  phosphorus  pentachloride  and  ammonium 
chloride  be  heated  in  a  sealed  tube,  there  results  a  mixture  of  chloro- 
uitrides,  which  is  partly  crystalline  and  soluble  in  gasoline,  but  for 
the  greater  part  liquid  and  insoluble  in  this  solvent,  and  of  a  high 
degree  of  complexity.  This  may  be  distilled  almost  without  residue, 
the  distillate  being  a  crystalline  mass,  impregnated  with  an  oil,  and 
composed  almost  wholly  of  a  mixture  of  members  of  the  series  (PNG12)q 
in  nearly  theoretical  amount,  containing  about  50  per  cent  P3N3OI6,  and 
25  per  cent  P4N4GI8,  the  remainder  consisting  of  the  higher  homologues. 
From  this  distillate  the  new  bodies,  with  one  exception,  have  been 
isolated. 

The  series,  as  at  present  known,  consists  of  the  following: 


Triphoephonitrilic  chloride,  (PNCls)^. 
Tetiaphosphonitrilio  chloride,  (PNCl2)4. 
Pentaphoephonitrilio  chloride,  (PNCl3)&. 
Hexaphosphonitrilio  chloride,  (PNCla)6- 
Heptaphoepbonitrilic  chloride^  (PNCU)?. 
Polyphosphonitrilic  chloride,    (PNCls )« . 


Meltiog 

point. 

(Corrected.) 


Deffreet. 
114 
123.5 

40.5-41 

91 

Below— 18 

Below  red 
heat. 


Boiling  point. 
(Corrected.) 


13  mm. 


Degree*. 

127 

188 

223-224.3 

261-263 

289-294 


760  mm. 


Degree*. 

a  256. 5 

ft  328. 5 

Polymerizes 

Polymerizes 

Polymerizes 


Depolymerizes  on  distilla- 
tioD. 


al83.8<>fttl00mm. 


6242Oatl00mm. 


There  were  obtained,  ftirther,  a  liquid  residue  of  the  same  empirical 
oompositiou,  of  a  mean   molecular  weight   corresponding  nearly  to 
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(PNCl2)ii9  S'Dd  ^  small  amouutof  a  chloronitride,  PeNTGlg,  not  belonging 
to  the  above  series.  The  absence  of  the  lower  members,  PNCU  »nd 
(PNGl2)27  is  remarkable,  and  theoretically  significant.  Indications  of 
a  trace  of  a  substance  more  volatile  than  the  compound  (PNC1«)3  and 
of  similar  but  stronger  odor,  were  observed,  but  there  is  no  evidence 
that  it  consists  of  one  of  the  missing  bodies. 

One  of  the  most  remarkable  properties  of  the  phosphonitrilio  chlo- 
rides is  that  each  member  of  the  series  is  converted  by  heat  into,  the 
rubber-like  polyphosphonitrilic  chloride,  a  body,  or  mixture  of  bodies, 
of  very  high  molecular  weight,  which  is  highly  elastic  and  insolable  in 
all  neutral  solvents,  but  which  swells  enormously  in  benzene,  and 
which,  on  distilling  at  a  higher  temperature,  breaks  down  into  a  mix- 
ture of  all  the  lower  members  mentioned  above,  which  can  then  be 
separated  by  appropriate  means.  In  this  way  it  is  i>ossible  to  convert 
atiy  phosphonitrilio  chloride  quantitatively  int^  any  other  by  heat  and 
distillation  alone.  In  preparing  any  desired  member,  therefore,  we  are 
not  limited  to  the  quantity  obtained  from  the  first  reaction  product, 
but  may  work  the  residues  over  and  over  again  until  completely  con- 
verted into  the  body  sought  alter.  With  the  exception  of  a  few  cases, 
in  which  the  number  of  members  is  limited,  as  the  aldehydes  and 
cyanic  acids,  this  series  is  therefore  unique;  I  know  of  no  other  series 
of  inorganic  compounds  in  which  this  is  possible.  Polymerization 
takes  place  slowly,  but  perceptibly,  at  250<=>,  and  is  almost  instan- 
taneous at  350^,  while  depolymerization  begins  at  about  350^,  and  is 
rapid  at  a  temperature  close  to  incipient  red  heat.  Triphosphonitrilic 
chloride,  PaNnClg,  is  the  only  member  which  can  be  distilled  in  consid- 
erable amount  at  atmospheric  pressure  without  considerable  i)olymer- 
ization,  and  even  this  polymerizes  almost  completely  on  long  boiling;  at 
760  millimeters  pressure  the  tetra-compound,  P4N4CI8,  boils  at  328.5o,  a 
temperature  at  which  i)olymerization  occurs  quite  rapidly,  but  this,  as 
well  as  the  penta  compound,  PsNsCIk,,  and  the  hexa-compound,P6N6Cln, 
can  readily  be  distilled  at  13  millimeters;  the  hepta-compound,  P7N7CI14, 
suffers  marked  polymerization  on  distilling  even  at  this  pressure,  and 
its  isolation  is  therefore  attended  with  much  loss.  Owing  to  the  rapid 
change  at  higher  temperatures,  1  have  been  unable  to  isolate  any  of 
the  higher  members,  which  remain  as  a  considerable  oily  residuum, 
and  there  seems  to  be  but  little  probability  of  this  being  effected  by 
any  known  method,  unless  by  distilling  in  a  nearly  absolute  vacuum. 

The  greatest  difficulty  in  the  separation  of  the  members  is  caused  by 
polymerization.  It  recjuires  but  a  small  amount  of  polyphosphonitrilic 
chloride  to  cause  the  liquid  to  thicken  or  gelatinize,  and  therefore  to  be 
incapable  of  further  distillation,  and  some  of  this  body  is  always 
formed  in  the  course  of  a  prolonged  fractioning  of  the  higher  members. 
It  was  foun(J,  however,  that  this  polymer  is  niucli  more  easily  attacked 
by  water  than  the  lower  members;  when  signs  of  polymerization  are 
observed,  it  is  only  necessary  to  interrupt  the  distillation,  and  heat  the 
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residae  for  some  time  with  water,  when  the  resulting  oil  is  again  iu  a 
coudition  to  continue  fractioniug.  The  loss  in  this  operation  is  small, 
but  the  tediousness  of  a  fractional  distillation  is  thereby  extraordina- 
rily increased. 

It  is  noteworthy  that  no  regular  progression  exists  in  the  melting 
points  of  the  phosphonitrilic  chlorides,  and  the  same  is  true  of  their 
solubility  in  the  ordinary  neutral  solvents,  but  the  solubility  varies  in 
the  same  sense  as  the  fusibility.  Of  the  members  of  known  molecular 
weight,  the  second,  tetraphosphonitrilic  chloride,  is  the  least  soluble 
and  has  the  highest  melting  point,  while  the  corresponding  tetrameta- 
phosphimic  acid  is  the  least  soluble  and  most  stable  of  the  derived 
acids.  With  respect  to  their  stability  toward  water,  the  new  mem- 
bers (polyphosphonitrilic  chloride  excepted)  resemble  those  already 
described,  being  scarcely  attacked  by  prolonged  boiling.  In  ethereal 
solution,  however,  there  is  a  perceptible  clecrease  of  stability  toward 
water  as  we  rise  in  the  series,  a  fact  already  noted  with  regard  to  the 
first  two  members. 

Notwithstanding  the  high  molecular  weight  of  the  bodies  isolated,  no 
indication  of  isomers  has  been  observed,  although  the  fractioning  was 
carried  out  very  thoroughly  up  to  300o  at  13  millimeters. 

Experimental  Part. 

A  mixture  (which  need  not  be  very  intimate)  of  4  parts  perfectly  dry 
phosphorus  pentachloride  and  1  part  ammonium  chloride,  as  required 
by  the  equation 

PCI-,  -f  NH^Cl  =  PNCl,  -f  4HC1, 

is  introduced  into  an  ordinary  *'bomb  "  tube,  which  has  previously  been 
drawn  out  to  a  neck.  It  is  practicable  to  till  the  tube  entirely  to  the 
neck,  so  that  the  charge  for  a  tube  of  ordinary  dimensions  is  about  125 
grams,  yielding  50-55  grams  of  chloronitrides.  After  sealing,  the  length 
of  the  neck,  exclusive  of  the  rather  long  capillary,  should  be  about  10 
centimeters.  As  the  mixture  liberates  55  per  cent  hydrochloric  acid,  it 
is  necessary  to  regulate  the  heating  with  great  care  and  to  open  the  tube 
rei)eatedly.  The  temperature  of  the  furnace  is  allowed  to  rise  to  150^, 
at  which  the  reaction  begins,  when  the  gas  is  at  once  shut  otf,  and  the 
tube  opened  at  about  100^  (iu  the  furnace !).  This  operation  is  repeated 
several  times,  the  temperature  being  allowed  to  rise  lo-2o  higher  each 
time.  When  the  evolution  of  hydrochloric  acid  has  slackened  and  the 
contents  of  the  tube  are  mainly  liquid  while  hot,  the  temperature  may 
be  carried  to  200°  or  higher,  until  little  or  no  gas  is  given  off.  The 
operation  requires  care  and  judgment,  but  with  careful  working  it  is 
possible  to  avoid  explosions,  and  to  obtain  with  a  four-tube  furnace 
about  200  grams  of  mixed  chloronitrides  in  sixteen  hours. 

The  contents  of  the  tube,  after  cooling,  generally  consists  of  a  buttery 
mass  or  of  a  thick,  yellow  liquid  filled  with  fine  prisms  and  plates;  if 
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heated  much  above  200o,  the  liquid  frequently  separates  into  two 
layers.  The  crystals  are  soluble  in  gasoline,  but  the  bulk  of  the  prod- 
uct remains  as  an  immiscible  oil. 

The  neck  of  the  tube  is  now  beut  down,  the  tube  placed  in  an  inclined 
combustion  furnace,  and  by  cautious  heating,  finally  to  incipient  red- 
ness, the  contents  are  distilled  out  There  remains  in  the  tube  a  very 
voluminous,  spongy,  black  residue  of  inconsiderable  weight,  due  to 
unavoidable  impurities  and  to  the  impossibility  of  causing  complete 
reaction  in  the  sense  of  tbe  above  equation.  Tbe  distillate  consists  of 
a  crystalline  mass  impregnated  with  a  yellow  oil,  and  contains  about 
95  per  cent  of  the  theoretical  amount  of  phosphonitrilic  chlorides,  with 
some  phosphorus  pentachloride,  the  chloronitride  P6N7OI9,  and  other 
substances  of  unknown  nature.  Before  proceeding  further,  it  is  neces- 
sary to  remove  the  pentachloride,  and  for  this  purpose  the  distillate 
is  melted,  poured  into  cold  water,  and  the  fiask  heated  in  the  water- 
bath  for  about  two  hours,  the  liquids  being  mixed  by  blowing  air 
through  them.  The  chlorouitrides  are  then  allowed  to  clear  under  the 
hot  water,  and  forced  out  by  means  of  a  wash-bottle  arrangement;  a 
separatory  funnel  can  not  be  used,  as  the  substance  solidifies  in  the 
neck,  and  if  allowed  to  solidify  under  the  wash  water  it  absorbs  so 
much  of  this  as  to  cause  annoyance  in  tbe  subsequent  distillation. 
Special  drying  before  distilling  is  unnecessary. 

The  product  is  then  distilled  up  to  200^  at  13-15  millimeters,  using  an 
Anscbiitz  flask,  as  the  distillate  solidifies  instantly  on  cooling.  The 
residue,  containing  the  members  P5N5OI10  up,  is  set  aside  for  later  sys- 
tematic fractional  distillation.^  The  distillate,  about  70  per  centy  con- 
sists essentially  of  P3N3CI6  and  P4N4CI8,  which,  if  desired,  may  be  easily 
separated  by  fractional  distillation  in  vacuo,  followed  by  crystallization 
from  benzene.  This  is  more  ccmvenient  tban  the  method  of  separating 
by  steam.  If  it  is  desired  to  convert  it  into  the  higher  members,  it  is 
placed  in  a  combustion  tube  bent  down  at  about  20  centimeters  from  the 
open  end,  and  which  it  should  not  fill  more  tban  one-half  after  melting. 
This  is  laid  in  an  inclined  combustion  furnace  and  heated  to  gentle 
boiling  of  tbe  contents.  It  is  well  to  beat  the  tube  somewhat  strongly 
at  a  short  distance  above  the  liquid,  as  superheating  the  vapor  pro- 

1  This  residue  con  tains  tbe  sniall  amoant  of  P«N,Cl9  formed  as  a  secondary  prodact  of  the  original 
reagents,  and  as  this  is  apt  to  cause  inconvenience  at  a  later  stage  by  accumulating  with  the  PcNgCliai 
it  is  perhaps  well  to  remove  as  much  as  possible  at  this  point.  For  this  purpose  the  reaidneia 
allowed  to  stand  for  a  day  or  two  at  tbe  room  temperature,  and  the  crystals  removed  by  sucking  out 
under  a  good  vacuum,  best  in  a  large  Gooch  crucible.  The  filtrate  is  cooled  for  a  day  or  two  in  a 
refrigerator,  and  the  new  crop  of  crystals  separated  in  the  same  way,  the  filtering  flask  being  allowed 
to  stand  in  tbe  icebox.  The  oily  filtrate  is  set  aside,  and  the  united  crystalline  products  diafcUM 
up  to  240^  at  13  millimeters,  whereby  most  of  the  P«N«Cl|o  passes  over.  The  residue,  consisting  of 
PcN«Cli«,  the  small  amount  of  PcNyCU,  and  the  adhering  oil,  is  allowed  to  crystallise  in  the  reflrigentor, 
and  the  viscous  mass  is  extracted  several  times  with  small  amounts  of  gasoline  (boiling  at  60*-80O). 
The  residue  is  boiled  with  benzene,  which  extracts  tbe  PcN^Clf,  which  crystallises  on  conoentniting 
and  cooling.    The  portion  dissolved  by  the  gasoline  is  worked  up  with  the  other  residues. 

This  is  the  method  sotunlly  employed,  btit  I  am  not  entirely  convinced  of  its  necessity,  aa  it  is  not 
possible  to  remove  all  the  P«llyCl9  in  this  way. 
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motes  polymerization.  The  time  required  for  polymerization  'varies 
greatly;  pore  triphosphonitrilic  cbloride  may  require  two  Lours  or 
more.  With  the  above  mixture  the  time  is  less,  and  is  shorter  the 
higher  the  boiling  point;  it  is  shortened  by  adding  already  gelatinized 
substance^  which  causes  the  liquid  to  thicken,  and  may  then  be  but  a 
few  minutes;  it  is  also  shortened  by  heating  under  pressure.  Sooner 
or  later  the  liquid  begins  to  thicken,  and  finally  it  is  converted  into  a 
stiff,  transparent  mass,  with  little  or  no  liquid,  and  generally  discolored 
by  traces  of  organic  matter.  The  tube  is  then  connected  with  a  long- 
necked  receiver,  exhausted,  and  the  depolymerization  and  distillation 
effected  by  heating,  from  the  front  backward,  to  incipient  redness. 
This  part  of  the  operation  proceeds  rapidly,  as  it  is  only  necessary  to 
guard  against  frothing  over,  and  to  insure  complete  condensation,  the 
latter  being  easily  effected  by  having  thejimb  of  the  tube  at  least  20 
centimeters  long.  One  hundred  grams  can  be  worked  up  at  one  time 
and  the  tube  can  be  used  repeatedly.  The  residue  does  not  weigh  more 
than  a  few  milligrams.  The  distillation  may  also  be  made  at  atmos- 
pheric pressure,  but  the  yield  of  higher  products  is  thereby  diminished. 
The  distillate,  which  entirely  resembles  that  first  obtained,  excepting 
in  containifig  no  phosphorus  pentachloride  and  no  P6N7GI9,  is  distilled 
as  before,  the  washing  being  omitted.  In  this  way  the  whole  quantity 
of  material  can  finally  be  converted  into  a  mixture  of  members  higher 
than  P4N4C1«. 

The  united  residues  boiling  above  200<=^  are  now  submitted  to  sys- 
tematic fractional  distillation  at  13-15  millimeters,  using  an  Anschutz 
flask,  provided  with  a  <Hrap,"  to  prevent  flowing  back.  During  the 
first  distillation  polymerization  generally  begins  when  the  temperature 
of  the  bath  has  reached  270^,  but  with  later  distillations  at  a  higher 
temperature,  and  the  higher  the  purer  the  fractions  are.  When  poly- 
merization begins,  which  is  indicated  by  frothing  and  thickening,  the 
operation  is  interrupted  and  the  residue  heated  in  the  flask  with  water 
in  the  water  bath  until  it  has  completely  liquefied,  which  is  assisted 
by  agitation,  the  oil  separated,^  and  the  distillation  continued.  It  has 
not  been  found  practicable  to  continue  the  distillation  at  a  higher  tem- 
I)erature  than  that  obtained  by  heating  the  bath  to  370^,  for  the  liquid 
begins  to  polymerize  in  a  few  moments,  and  but  an  inconsiderable  dis- 
tillate can  be  obtained.  Moreover,  at  this  temperature  the  polymer 
shows  signs  of  breaking  down  into  simpler  bodies,  and  the  distillate 
does  not  consist  only  of  high-boiling  members.  The  total  amount  of 
final  residue  is  not  very  great,  and,  as  shown  below,  consists  likewise  of 
phosphonitrilic  chlorides  of  still  higher  molecular  weight.  In  later 
distillations  from  200^  upward,  polymerization  usually  stops  the  proc- 
ess at  260O-270O,  but  after  appropriate  washing  the  residue  may  be 

>  In  tfaia  ca«6  a  aeparatory  fnxmel  may  be  luied^  aa  the  mixtare  of  higher  chloronitrides  is  liquid 
Mow  0»>. 
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distilled  to  a  much  higher  temperature.  After  eight  to  ten  distilla- 
tions three  main  fractions  are  obtained,  which  are  then  worked  up 
separately.  As  P5N5GI10,  though  crystalline,  is  extremely  soluble,  it  is 
necessary  to  carry  out  the  distillations  with  the  first  main  fraction  until 
a  practically  sharp  boiling  point  is  obtained,  in  which  connection  it 
may  be  noted  that  at  17-20  millimeters  a  change  of  1  millimeter  pres- 
sure causes  a  change  of  about  1^  in  the  boiling  point,  and  at  13  milli- 
meters a  change  of  about  2^.  P^NfClu,  being  liquid,  must  also  be  iso- 
lated by  distillation  only,  but  at  its  boiling  point  polymerization  is  so 
rapid  that  great  loss  ensues  during  a  series  of  distillations. 

PeNeOliz  can  not  be  separated  by  distillation  from  the  PeN^Cls  which 
accompanies  it  in  small  amount,  the  latter  having  nearly  the  same  boil- 
ing point,  nor  is  repeated  recrystallization  effective.  The  separation  is 
best  effected  by  adding  a  crystal  of  pure  PeNeClis  to  the  supersaturated 
benzene  solution,  and  filtering  before  the  P6N7GI9  begins  to  deposit. 
The  latter  thus  concentrated  is  recrystalized  from  benzene. 

Owing  to  many  modifications  introduced  in  developing  the  above 
method,  no  accurate  statement  of  the  yield  can  be  given;  the  final 
product  was  about  225  grams  P5N5OIJ0, 110  grams  PeNeOlu,  10  grams 
PtNtCIh,  and  5  grams  P6N7OI9. 

Analytical  methods. — With  the  exception  of  polyphosphonitrilic  chlo- 
ride,>the  chlorouitrides  were  analyzed  by  decomposing  in  the  following 
manner: 

For  phosphorus,  by  warming  with  alcohol  and  a  little  ammonia  in  a 
platinum  crucible  until  completely  dissolved,  evaporating  to  dryness 
and  heating  to  fuming  for  an  hour  with  strong  sulphuric  acid,  the 
crucible  being  kept  covered. 

For  nitrogen,  by  treating  as  above,  omitting  the  ammonia. 

For  chlorine,  by  heating  with  alcohol  and  ammonia.  It  is  necessary 
to  precipitate  with  silver  nitrate  in  the  presence  of  a  large  volume  of 
10  i>er  cent  nitric  acid  and  to  filter  hot,  in  order  to  avoid  the  forma- 
tion of  silver  metaphospbimates,  which  are  difficultly  soluble  in  dilute 
nitric  acid. 

In  decomposing  polyphosphonitrilic  chloride,  which  is  attacked  by 
water  alone,  the  alcohol  was  omitted.  The  method  of  Garius  was  used 
for  determining  chlorine,  as  it  was  found  that  otherwise  compounds 
insoluble  in  dilute  nitric  acid  were  formed.  For  the  other  chlorouitrides 
this  method  offers  no  advantage. 

Molecular  weight  determinations  were  made  by  the  boiling-point 
method  with  the  apparatus  of  Hite,^  using  as  solvent  carefully  purified 
and  dried  benzene. 

1  Am.  Chem.  Jour.,  Vol.  XVII,  p.  512.  The  molecular  weight  of  PaNsCl«  has  been  determined  by 
the  vapor-density  method,  Jour.  Chem.  Soc.  London  [2],  VoL  II,  p.  225.  A  series  of  detenninatioos  by 
the  boiling-point  method  gave  346,  350, 353.    Calculated  347.0. 
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Pentaphosphanitrilie  chlatidey  P5N5OI10. — This  body,  carefully  purified 
by  fractional  distillation,  as  described  above,  gave  on  analysis: 


Calculated  for 
P.N,Cl,o. 

Foand. 

p 

26.75 
12.11 
61.14 

26.87 
12.05 
61. 42 

N 

CI 

^^      ••••-•  ••••••  •-•••«  ••••••  ..q.  _••• 

P:N  :C1  =  1  :  0.99:  2.00. 


Molecular  weight.    {Solrentj  benzene,) 


Gmna 
solveot. 

Grama 
sabstance. 

Elevation 
(degrees). 

Molecular 
weight  found. 

Percentage 

variation  from 

theoretical. 

46.49 
46.49 
46.49 

1.4688 
2.9439 
4.4337 

0.137 
.287 
.437 

619 
589 
583 

+6.2 
-t-1.6 
+  .5 

CaloulAted  for  PftNftClio,  579.8. 

Pentaphosphonitrilic  chloride  fuses  at  40.5^-4lo,  and  boils  at  223°- 
224.3^  (corrected)  at  13  millimeters.  Its  vapor  is  without  the  pronounced 
and  characteristic  aromatic  odor  possessed  by  that  of  triphosphonitrilic 
chloride.  At  its  melting  point  it  is  miscible  in  all  proportions  with 
benzene,  gasoline,  ether,  and  carbon  disulphide,  and  can  not  be  recrys- 
tallized  from  any  of  these  solvents;  in  fact,  small  fragments  liquefy 
instantly  in  their  concentrated  vapors.  Glacial  acetic  acid  also  dis- 
solves it  quite  readily,  and  from  this  solution  water  throws  it  out  as  an 
oil,  solidifying  at  once  on  touching.  It  shows  a  decided  tendency  to 
sniierfusion,  especially  when  not  absolutely  pure;  when  left  by  evapo- 
rating its  ether  or  benzene  solution,  it  may  remain  liquid  for  days,  but 
solidifies  at  once  on  touching  with  a  glass  rod,  usually  to  a  decidedly 
crystalline  mass,  at  other  times  to  a  transparent  glass.  The  pure 
substance,  when  fused,  slowly  solidifies,  long,  flat  crystals  shooting  out 
through  the  liquid,  which  are  limited  only  by  the  size  of  the  vessel, 
crystalsof  10  centimeters  in  length  being  readily  obtained.  It  contracts 
greatly  on  solidifying.  When  pure  the  solidified  mass  is  naturally  dry, 
but  the  least  contamination  with  other  members  of  the  series  causes  a 
portion  to  remain  liquid,  which  is  easily  detected  by  crushing  on  a  piece 
of  filter  paper;  this  is  a  very  good  test  of  its  purity.  This  tendency 
to  8ui>erfu8ion  must  be  borne  in  mind  in  separating  it  by  fractional 
distillation;  a  nearly  pure  sample  will  remain  liquid  much  longer  than 
the  higher  or  lower  fractions.  In  ether  solution  it  is  perceptibly 
more  easily  attacked  by  water  than  the  preceding  chloronitride,  but 
hot  water  alone  is  almost  without  action. 
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Hexaphosphanitrilic  chlaridey  PeNeClu.— After  repeated  crystalliza- 
tion from  benzene,^  this  gave: 


Calcnlated 
for 

r.N,ci„. 

Fonncl. 

p 

26.75 
12.11 
61.14 

26.96 
12.37 
60.98 

N 

CI 

P:N:C1  =  1  :1.01  : 1.98. 


Molecular  weight.     {Solvent,  benzene,) 


Grama 
solvent. 

Grama 
substances. 

Elevation 
(degrees). 

0.152 

Moleonlar 
weight. 

Percentage 

variation 

fh>m 

theoretical. 

47.12 

1.8058 

673 

—3.2 

47.12 

3.6190 

.293 

700 

-hO.6 

45.72 

1. 0101 

.083 

711 

+2.1 

45.72 

4.4898 

.365 

718 

+3.2 

46.72 

8.0070 

.664 

704 

+1.2 

.& 


Calculated  for  PrtN«Cli3,  695  8. 

Hexaphosphonitrilic  chloride  fuses  at  90<^  (corrected),  and  boils  at 
2610-2630  (corrected)  at  13  millimeters,  and  at  28lo-282o  (corrected)  at 

26  millimeters.  It  may  be  recrystallized  from  benzene,  in 
which,  however,  it  is  more  soluble  than  triphosphonitrilic 
chloride;  ether,  gasoline,  and  carbon  disulphide  also  dis- 
solve it  readily;  in  alcohol  it  dissolves  somewhat  slowly, 
with  decomposition.  It  shows  no  tendency  to  snperfii- 
sion.  It  crystallizes  well,  in  rather  large  crystals,  which 
were  examined  by  Mr.  Wirt  Tassin,  to  whom  I  am  in- 
debted for  the  following  statement: 

"PeNeClii  crystallizes  in  the  orthorhombic  system  in 
long,  prismatic  crystals,  showing  the  following  forms: 
c  (001),  b  (010),  m  (110),  o  (111),  n  (Oil).  Of  these  c  is  the 
dominant  form;  b  large  and  well  developed;  m  fair, 
though  usually  narrow,  and  o  and  n  small  and  usually  in  similar  devel- 
opment, e,  &,  m,  o  is  the  combination  occurring  most  frequently;  less 
often  c,  by  w,  w,  o;  and  rarely  c,  b^  m.  Angles  m :  m  57^  28',  b:  w  61^  16', 
bin  40O  23',  n:  c  49^  37'.  Axial  ratio  a:b:c  =  0.54824  :  1  :  1.17568. 
The  crystals  are  optically  positive.    Plane   of  the  optic  axes  (100); 


fit  fn. 


Fig.  7. 


*  A  contamination  with  PsNyCl*  may  be  detected  by  treatment  with  gasoline,  when  the  muob 
smaller  crystals  of  the  latter  are  seen  to  dissolve  much  more  slowly. 
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colorless  to  white;  transparent,  and  have  a  perfect  basal  cleavage." 
(See  fig.  7.) 

It  is  scarcely  attacked  by  boiling  water,  bat  if  kept  in  moist  air  it 
very  slowly  evolves  hydrochloric  acid.  Its  ether  solution,  shaken  with 
water,  slowly  gives  a  metaphosphimic  acid;  sirupy  chlorhydrines  are 
formed  as  intermediate  products. 

Heptaphosphanitrilic  chlaridej  'P^'S-filu,  —  Afber  many  distillations, 
this  gave: 


Calcnlated  for 
PrNyClu. 

Fonnd. 

26.57 
12.12 
61.28 

p 

26.75 
12.11 
61.14 

N 

CI 

P  :  N  :  CI  =  1  :  1.01  :  2.02. 


Molecular  weight,    (Solvent,  benzene.) 


Grama 
aolvent. 

Grams 
snbatance. 

• 

Elevation 
(degrees). 

Molecnlar 
weight. 

Percentage 

variation  from 

theoretical. 

47.09 
47.09 

3.5621 
7.3979 

0.250 
.523 

808 
802 

—0.5 
—1.2 

Calcnlated  for  P7N7CIN,  811.7. 

Heptaphosphonitrilic  chloride  is  a  nearly  colorless,  rather  viscous 
liquid,  which  does  not  solidify  at  — 18o,  and  which  boils  at  2890-294o 
(corrected)  at  13  millimeters,  undergoing  some  polymerization.  It  is 
readily  miscible  with  benzene,  gasoline,  and  ether,  and  toward  water 
shows  the  stability  manifested  by  the  preceding  chloronitrides. 

Residual  oily  phosphonitrilic  chlorides.^ — The  residue,  which  did  not 
distill  at  13  millimeters  when  the  temperature  of  the  bath  was  370^,  was 
boiled  with  water  to  remove  the  solid  polyphosphonitrilic  chloride, 
filtered,  and  carefully  dried  in  vacuo  over  sulphuric  acid.  It  is  a  thick 
liquid  which  gave  on  analysis: 


Calculated  for 
(PNC1,)e. 

Found. 

p 

26.75 
12.11 
61.14 

26.79 
12.39 
62.00 

N 

CI 

P  :  N  :  Cl=:l  :  1.02  :  2.02. 


I  It  is  onUlBdy  that  these  consist  entirdy  of  the  original  depolymerisation  productb ;  a  portion  is 
donbtlMS  formed  by  polymerixation  dniing  distillation. 
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Although  the  oil  is  doubtless  a  mixture,  the  above  figures  show  that 
the  constituents  are  members  of  the  series  (PNOls)^.  A  determination 
of  the  mean  molecular  weight  was  made,  with  the  following  results: 


Gnun.«,W.nt.,      ^^S'd"'^ 

1 
1 

Elevatloii 
(degrees). 

Molecular  weight. 

46.72 
46.72 

4.130 
7.853 

0.178 
348 

1,326 
1,290 

Mean  1,308.  This  does  not  lie  far  from  that  required  by  the  formula 
PiiNhC122  (calculated,  1,276).  This  result  is  interesting  in  as  fieu:  as  it 
shows  that  a  phosphonitrilic  chloride  of  this  molecular  weight  may 
exist;  that  it  is  stable  and  miscible  with  benzene,  gasoline,  and  ether, 
and  that  the  molecular  weight  of  the  solid  polymer  described  below, 
which  is  insoluble,  is  probably  very  much  higher.  The  oil  has  a  red- 
dish-brown color,  due  to  dissolved  impurities,  which  are  destroyed  by 
heating  with  strong  nitric  acid.  It  can  not  be  distilled  even  at  13  mil- 
limeters, as  it  polymerizes  almost  instantly.  In  its  behavior  toward 
water  it  resembles  the  preceding  members  of  the  series. 

Polyphosphonitrilic  chloride  (PNOU),. — ^This  remarkable  body,  fre- 
quently alluded  to  above,  is  formed  when  any  of  the  lower  members 
are  heated,  slowly  at  250^,  and  very  rapidly  at  350^.  As  the  change  is 
reversible,  complete  transformation  can  not  be  effected,  but  reaches 
perhaps  90  per  cent,  the  remainder  consisting  not  only  of  the  original 
phosphonitrilic  chloride,  but  of  others.  These  can  be  extracted  by 
anhydrous  benzene.  The  sample,  the  analysis  of  which  is  given,  was 
prepared  by  heating  pure  triphosphonitrilic  chloride  in  a  sealed  tube 
at  350^-460^.  The  transparent  elastic  product  was  repeatedly  extracted 
with  benzene  dried  over  sodium  and  the  absorbed  benzene  removed  in  a 
vacuum  with  constant  exhaustion  over  parafftn,  and  finally  by  heating 
in  vacuo  at  110^.    Analysis  gave: 


P. 

N. 
CI 


Calcnlated  for 
(PNC1,)« 


26.75 
12.11 
61.14 


Found. 


26.78 
12.27 
60.45 


P:N:C1  =  1:1.01:1.98. 


Polyphosphonitrilic  chloride,  when  perfectly  pure,  is  colorless  and 
transparent,  but  is  generally  somewhat  discolored  by  traces  of  organic 
matter.  Its  most  striking  property  is  its  elasticity.  It  may  be  drawn 
out  like  rubber,  and  shows  even  a  greater  tendency  to  rebound  from 
hard  sur£EM)es.    It  is  readily  cut  with  the  shears.    It  is  insoluble  in  all 


flTOKKS.] 


HIGHER   CHLORONITBIDES. 


135 


neutral  solveDts,  but  absorbs  beuzene,  swelling  to  many  tiiues  its 
original  volume  and  forming  a  jelly  of  but  little  coherence;  on  evap- 
orating the  benzene  it  returns  to  its  original  condition.  Ether  is 
absorbed,  but  less  readily,  and  other  chloronitrides  are  taken  up  in  a 
similar  manner.  Hot  water  slowly  dissolves  it  with  decomposition ;  in 
warm  dilute  ammonia  it  swells,  gelatinizes,  and  finally  dissolves;  hot 
caustic  soda  does  not  dissolve  it  readily,  apparently  insoluble  sodium 
salts  being  formed.  It  begins  to  depolymerize  toward  350^,  and  this 
change  is  rapid  just  below  red  heat,  and  is  accompanied  by  partial 
fusion,  the  products  being,  as  described  above,  a  mixture  of  lower 
phosphonitnlic  chlorides.  These  transformations  are  not  modified  by 
heating  in  an  atmosphere  of  hydrochloric  acid.  When  perfectly  pure, 
it  leaves  no  residue  whatever  on  distilling.  No  difference  could  be 
detected  in  the  product  formed  from  different  phosphonitrilic  cblorldes. 
Ifitrilo-hexaphosphonitrilic  chloridej  P6N7CI9. — The  sex^aration  of  this 
chloronitride,  which  does  not  belong  to  the  phosphonitrilic  chloride 
series,  is  described  above.  After  four  crystallizations  from  benzene, 
it  gave : 


CalcalatcHl  for 


Found. 


A  molecular  weight  determination,  kindly  made  for  me  by  Dr.  H.  O. 
Jones,  of  the  Johns  Hox>kins  University,  with  a  limited  (]uantity  of 
material,  in  benzene  solution,  gave  667;  calculated  for  PyN-CIg,  603.5. 
This,  with  the  analysis,  suf&ces  to  establish  the  above  molecuilar 
formula. 

Nitrilohexaphosphonitrilic  chloride  strikingly  resembles  the  pho8i)ho- 
nitrilic  chlorides.  It  fuses  at  237.5o  (corrected)  and  boils  at  251o-261o 
(corrected)  at  13  millimeters  without  change.  The  boiling  point  coin- 
cides closely  with  that  of  liexaphosphonitrilic  chloride  (-61o-263o,  cor- 
rected at  13  millimeters),  hence  it  is  found  aasociiiUMl  with  the  latter. 
Hesited  in  small  quantities  on  foil,  it  volatilizes  without  residue,  but  at 
a  higher  temperature  in  a  sealed  tube  it  undergoes  a  change  the  exact 
nature  of  which  has  not  been  determined,  but  which  involves  the  form 
ation  of  a  substance  resembling  polyphosplionitrilic  chloride,  which 
yields  lower  phosphonitrilic  chlorides  on  distilling.  It  crystallizes  in 
transparent  prisms  of  not  more  than  1  millimeter  in  length,  apparently 
rhombic,  which  are  often  united  to  acicular  forms.  When  pulverized 
it  becomes  electrified.  It  dissolves  in  about  20  parts  cold  and  5  parts 
boiling  benzene,^  is  more  soluble  in  carbon  disulphide,  but  less  soluble 


1  Approximate  only. 
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in  gasoline  and  iti  ether.  Toward  water  it  is  nearly  as  stable  as  hexa- 
phosphouitrilic  chloride,  but  is  slowly  attacked  when  exposed  to  atmos- 
pheric moisture.  Hot  dilute  ammonia  dissolves  it  very  slowly,  but 
more  rapidly  when  alcohol  is  added. 

This  body  is  obviously  a  secondary  product  of  the  reaction  of  phos- 
phorus pentachloride  and  ammonium  chloride,  as  it  is  never  found 
when  a  pure  phosphouitrilic  chloride  is  polymerized  and  depolymerized. 
It  is  noteworthy  that  no  indication  of  other  bodies  of  a  similar  nature 
has  been  observed,  although  no  reason  appears  why  they  should  not 
be  formed  at  the  same  time.  Whether  it  is  in  reality  hexaphosphoni- 
trilic  chloride  in  which  3  chlorine  atoms  are  replaced  by  one  of  nitrogen 
or  not  can  not  be  decided  at  present. 

5.  THE  HIGHER  METAPHOSPHIMIC  ACIDS. 

In  the  preceding  sections  on  the  i^etaphosphimic  acids  it  was  shown 
that  the  two  lower  phosphouitrilic  chlorides,  PsNaCla  and  P4N4Clt, 
give  on  saponification  two  well-defined  acids,  trimetaphosphimic  acid, 
P3N3O6H6  and  tetrametaphosphic  acid,  P4N4O8H8.  In  a  later  section 
the  existence  of  the  higher  phosphouitrilic  chlorides  P5N5CI10,  PeNsOlu, 
and  P7l^7Gli4  was  shown,  and  it  was  further  demonstrated  that  the 
series  does  not  end  here,  but  is  continued  through  a  number  of  mem- 
bers, which  are  iucapable  of  separation  by  existing  methods,  and 
terminates  with  a  rubber-like  polymer  of  high  molecular  weight. 

The  work  outlined  in  the  present  section  was  begun  with  the  expecta- 
tion of  finding  that  each  of  the  new  phosphonitrilic  chlorides  would 
give  on  saponification  the  corresponding  metaphosphimic  acid  of  the 
general  formula  (PN02H2)„.  The  result,  however,  has  not  justified  this 
anticipation.  It  has  been  found  that  penta-  and  hexaphosphonitrilic 
chlorides  give  true  penta-  and  hexametaphosphimic  acids,  (PI^02H3)s 
and  (PN02H2)6,  but  that  heptaphosphonitrilic  chloride  gives,  not 
(PN02H2)7,  but  an  acid  (PN02ll2)7  +  H2O.  The  metaphosphimic  series, 
therefore,  appears  to  be  limited  by  the  acid  (PN02H2)6. 

The  metaphosphimic  acids  are  the  lactams  of  the  imidophosphoric 
amides,^  and  it  is  therefore  not  surprising  that  there  should  be  a  certain 
similarity  of  behavior  betweeu  these  and  certain  organic  oxy-  and  amido- 
acids.  The  y  and  d  oxy-  ^ud  amido-acids,  while  existing  as  salts  in 
alkaline  solution,  pass  more  or  less  readily  in  the  free  state  into  the  inner 
anhydrides,  the  lactones  and  lactams,  a  behavior  which  is  not  observed 
when  the  hydroxyl  or  amido-group  is  still  further  removed  from  the 
carboxyl.  Job.  Wislicenus  has  shown^  that  the  geometric  configuration 
of  the  lactone-giving  acids  is  such  as  to  bring  the  reacting  groups  into 


>  Tbo  iniidophoHphoric  acids  consist  of  chains  of  alternate  KH  and  PC  groapa,  the  first  being  imido- 
diphosphoric  acid,  P0(0H)2.KH.P0(0H),.  This  and  diimidotriphosphoric  acid  are  described  in  the 
section  on  triniotapboHphimic  acid,  and  triimidotetraphosphoric  acid  in  the  present  section.  The 
amides,  of  which  the  metaphosphimic  acids  are  the  lactams,  may  be  regarded  as  imidophosphoric  adds 
having  one  terminal  hydroxyl  replaced  by  an  amido  group. 

'ii&umliche  Anordnung  dor  Atome,  p.  67. 
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doae  proximity,  thus  admitting  of  inner  anhydride  formation,  while  in 
other  cases  this  is  not  possible,  owing  to  their  remoteness.  Yon 
Baeyer,^  in  his  well-known  <<  tension  theory,"  has  shown  that  the  series 
of  methylene-ring  hydrocarbons,  (OHs)^,  may  be  expected  to  possess  a 
maximum  of  stability  in  the  pentamethylene  ring,  a  ring  in  which  there  is 
the  least  ^^  strain,"  because  the  attraction  of  the  carbon  atoms  for  each 
other  acts  very  nearly  in  the  direction  which  the  valences  naturally 
assume,  a  deduction  which  has  been  confirmed  by  recent  work  on  the 
reduction  of  aromatic  hydrocarbons,  showing  the  tendency  of  these  to 
form  x>6ntamethylene  rings  when  reduced.^ 

The  speculations  of  Wislicenns  and  von  Baeyer  admit  of  applica- 
tion to  the  series  of  acids  derived  from  the  phosphonitrilic  chlorides, 
and  as  far  as  the  subject  has  been  worked  out  the  analogy  is  a  com- 
plete one.  The  acids  in  the  open  form  are  amides  of  imidophosphoric 
acids;  those  with  from  3  to  6  phosphorus  atoms  have  the  open  form 
in  alkaline  solution,  from  which  they  are  thrown  out  by  silver  nitrate 
as  salts  of  the  general  formula  (PN02Ag2)„  +  H2O,  but  in  acid  solution 
they  siM>ntaueously  form  the  iitner  anhydrides;  i.  e.,  tbe  metaphos- 
phimic  acids,  which  can  be  precipitated  as  silver  salts  of  the  general 
formula  (PNOjHAg)^.  The  acid  with  7  phosphorus  atoms,  on  the  con- 
trary, does  not  form  the  anhydride  under  any  conditions.  Not  only 
does  the  series  x>ossess  an  extremely  marked  maximum  of  stability  in 
tetrametaphosphimic  acid,  but  the  higher  acids,  on  being  subjected  to 
energetic  attack,  break  up,  yielding  this  body. 

In  previous  chapters  I  have  assumed  that  tri-  and  tetrametaphos- 
phimic acids  contain  phosphorus-nitrogen  rings: 

POOH  POOH  NH 

POOH 


NHr'^"  \>,NH  NH 


POOHV    >^POOH  POOHV      >^NH 

NH  NH  POOH 

We  know  nothing  of  the  steric  relations  of  phosphorus  and  but  little 
of  those  of  nitrogen,  and  have  therefore  no  definite  theoretical  grounds 
for  assuming  the  magnitude  of  the  angle  a  formed  by  the  lines  joining 
a  POOH  group  with  two  NH  groups,  nor  of  the  angle  b  formed  by  lines 
connecting  a  NH  group  with  two  POOH  groups,  in  the  case  when  these 
are  free  to  assume  a  relation  of  greatest  stability  or  least  tension,  as  in 
an  0]>en  chain.  Neither  can  we  assert  that  in  a  6-sided  ring,  P3N3, 
with  alternate  phosphorus  and  nitrogen,  the  angles  a  and  b  must  each 
be  120O.  We  are^  however,  justified  in  assuming  that  the  mean  of  a 
and  b  is  120<^.  Similarly  in  an  8-sided  ring,  P4N4,  the  mean  angle  is 
1350,  even  though  a  may  be  I8O0  and  b  90o. 

1  Ber.  Deatsch.  cbem.  Gesell.,  Berlin,  Vol.  XVIII,  p.  2277. 

•Zelinsky,  Ber.  DeatBch.  obem.  Qeaell.,  Eeriio,  Vol.  XXX,  pp.  397,1539. 
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Experiment  having  shown  that  tetrametaphosphimic  acid,  P4N40tH|, 

Is  vastly  more  stable  than  any  other  acid  of  the  series,  we  may  regard 

a+  b 
the  angle  — o"  ^^  ^^®  octagonal  nucleus  P4N4,  which  is  136o,  as  that 

which  most  nearly  coincides  with  the  angle  of  least  tension  in  the  sense 
of  von  Baeyer's  theory,  and  as  approximating  to  that  which  would  be 
assumed  in  an  open  chain,  and  we  may  expect  that  the  stability  of  each 

a  •{-  b 
ring  will  be  less  the  more  the  angle  — o"  differs  from  135o.    In  the  fol- 
lowing table  the  mean  angle  and  its  difference  from  135^  are  shown: 


Ring. 

Namber  of 
sides. 

Mean  angle. 

DiflTerence 
from  135<=>. 

PN 

2 

4 
6 

d» 

10 
12 
14 
16 

Degrees. 
0 
90 
120 
135 
144 
150 
154.3 
157.5 

Degreet. 
—135 

—  45 

—  15 

0 
+    9 
+  15 
+  19.3 
+  22.5 

PaNi 

P3N, 

P4N4 -. 

PftNfi 

P«N6 

P,N7 

PhNh 

It  is  therefore  to  be  expected  that  as  we  ascend  in  the  series  there 
will  be  a  very  rapid  increase  of  stjibility  to  a  maximum,  followed  by  a 
gradual  decrease.  This  coincides  with  what  we  -find.  PsNaOeHe  is 
vastly  less  stable  than  P4N4O8H8;  the  latter  may  be  heated  for  hours 
with  acids  without  complete  decom]K>sition,  while  the  former  is  destroyed 
under  the  same  conditions  in  a  few  minutes.  P5N5O10H10  is  much  less 
stable  than  P4K4O8H8,  but  markedly  more  stable  than  PaNsOeHe,  cor 
responding  to  the  difference  of  only  9^  from  135^  in  one  case  against 
150  in  the  other.  P6K6O12H12  is  perceptibly  less  stable  than  PjlfsOioHio, 
and  finally  the  ritig  P7N7  of  heptametaphosphimic  acid  is  incapable  of 
existence  under  the  usual  conditions,  and  as  a  result  we  get,  Instead 
of  the  ring  acid  P7K7O14H14,  the  oi)en  chain  P7K7O15H16. 

When  any  of  the  acids  above  tetrametaphosphimic  acid  is  broken  up, 
the  latter  is  formed  in  considerable  amount.  This  maybe  explained  in 
two  ways:  either  the  P4N4  nucleus  exists  as  such  in  the  higher  acid,  or 
it  is  formed  from  the  decomposition  products.  The  former  is  highly 
improbable,  for,  considering  its  great  stability,  it  should  persist  and  be 
found  in  nearly  theoretical  amount,  which  is  by  no  means  the  case. 
(P5N5O10H10  gave  12  per  cent  and  PeKeOizHig  30  per  cent  of  the  theoret- 
ical.) Its  formation  from  the  decomposition  products  is  easily  expl  wied 
on  the  tension  hypothesis.  If  a  ring  of  POOH  and  NH  groups  be 
broken  up  by  the  action  of  a  stronger  acid,  the  molecules  resulting 
tJivm  ita  decoiU|>osition  will  tend  to  assume  a  configuration  determined 
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by  the  mean  angle  of  least  tension,  135^,  and  this  confignratiou  in  the 
ease  of  the  molecnle  of  amido-triimidotetraphosphoric  acid  will  be  either 
a  zigzag  line  or  the  form  represented  by 


NH 

P<X)H 


POOH  NH 
^M35**       ^PO^ 

^^^ /NH  [HJ 

NH  POOH 


OH 

q 


a  configuration  which  admits  of  the  formation  of  the  anhydride  or  lac- 
tam, which  is  nothing  else  than  tetrametaphosphimic  acid.  A  theoret- 
ical yield  of  this  can  not  be  expected,  for  when  a  chain,  P5N5,  for 
examY)1e,  is  further  broken  np,  the  disruption  may  occur  at  any  one  of 
nine  points,  but  only  when  one  of  the  resulting  products  contains  P4N4 
can  tetrametaphosphimic  acid  be  formed.  A  simple  calculation  shows 
that  at  most  only  27  per  cent  of  that  required  by  the  equation 

PftNfiOioHio  -f  2H«0 = P4N4O8H8  -f  NH4H9PO4 

can  be  expected.  A  chain  PgNg,  however,  offers  more  chances  for  the 
formation  of  fragments  containing  P4N4,  and  heuce,  as  actually  found, 
the  yield  of  tetrametaphosphimic  acid  is  greater,  instead  of  less,  as  would 
be  the  case  if  the  nucleus  of  this  acid  existed  as  such  in  hexameta- 
phosphimic  acid. 

The  first  two  chloronitrides,  PNOI2  and  P2N2OI4,  have  not  been 
obtained,  and  of  the  corresponding  mono-  and  dimetaphosphimic  acids 
the  former  is  unknown  and  the  existence  of  the  latter  questionable. 
Mente^  has  described  salts  of  an  acid  to  which  he  gives  the  formula  of 
dimetaphosphimic  acid,  P3N2O4H4,  but  no  proof  is  given  that  it  is  not 
some  other  polymer  of  PN02H2,  and  the  method  by  which  he  obtained 
it  is  one  which  is  not  likely  to  give  a  body  of  this  molecular  weight. 
The  dimetaphosphimic  ring  would  have  a  mean  angle  of  90^,  which 
differs  from  that  of  tetrametaphosphimic  acid  by  45^.  Such  a  ring 
should  be  much  less  stable  than  even  that  of  heptametaphosphimic 
add,  and  it  is  therefore  quite  i)08sible  that  it  is  incapable  of  existence 
as  such,  and  can  exist  only  as  the  hydrate  P2N2O5H6.  This  is  perhaps 
the  acid  described  by  Gladstone^  as  pyrophosphodiamic  acid. 

The  chloronitride  series  presents  a  maximum  of  stability  in  triphos- 
phonitrilic  chloride,  but  this  is  by  no  means  as  marked  as  that  existing 
in  the  acid  series.  That  such  a  maximum  should  occur  in  one  case  in 
a  ring  of  6  sides,  and  in  the  other  in  an  8-sided  ring,  and  that  the 
series  should  be  limited  in  one  case  and  unlimited  in  the  other,  involves 
no  contradiction.  Triphosphonitrilic  chloride  is  stable  only  in  the 
sense  that  it  is  formed  in  the  largest  amount  and  that  its  chlorine 

1  Ann.  Cham.  (liebig),  VoL  CCXLVUI,  p.  244. 

*Qa«rt.  Jonr.  Chem.  Soo.  London,  Vol.  m,  pp.  135,  854;   Ann.  Chem.  (Liebig),  VoL  LXX.VX^ 
p. 79}  VoL  LXXVU,  p.  816;  Jonr.  Chem.  80c.  London  [21  VoL  11,  p.  231. 
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is  most  tenaciously  held,  while  the  term  is  applied  to  the  acids  as  indi- 
cating the  difficulty  with  which  the  ring  is  broken  open.  In  the  one 
case,  the  series  consists  of  x>olymers  of  — PGU  =  N —  and  in  the  other 
of — ^POOH — NH — ,  and  the  two  series  can  not  therefore  be  considered 
analogous  in  a  stereochemical  sense. 

Only  tri-  and  tetrametaphosphimic  acids  give  characteristic  salts. 
The  salts  of  the  acids  with  5,  6,  and  7  atoms  of  phosphorus  are  totally 
devoid  of  crystallizing  power,  the  alkaline  salts  being  precipitated 
from  aqueous  solution  by  alcohol  as  sirups,  which  can  easily  be  con- 
verted into  the  solid  form  by  dehydration  with  absolute  alcohol,  but 
which  are  still  wholly  amorphous.  The  tendency  to  diminished  <icidity 
of  unneutral!  zed  hydroxyls,  well  known  in  the  case  of  orthophosphoric 
acid,  is  here  apparent,  and  to  an  increasing  extent  as  we  rise  in  the 
series.  Trimetaphosphimic  acid  forms  a  salt  with  3  atoms  of  sodium 
which  has  neutral  reaction  and  is  not  decomposed  by  strong  acetic 
acid;  tetrametaphosphimic  acid  readily  gives  salts  with  2  and  4  atoms 
of  sodium.  The  5atom  sodium  salt  of  x>entametaphosphimic  acid  is 
strongly  alkaline  and  shows  a  tendency  to  hydrolytic  dissociation,  and 
the  same  tendency  is  still  more  marked  in  the  higher  acids.  Owing  to 
this  and  to  their  amorphous  nature  it  is  impossible  to  obtain  salts  of 
definite  composition  from  any  but  the  first  two  acids  unless  certain 
conditions  are  rigidly  adhered  to.  Qualitative  differences  between  the 
analogous  salts  of  the  higher  acids  are  almost  wanting,  and  only  a 
quantitative  study  and  a  knowledge  of  their  derivation  serve  to  dis- 
tinguish them.  As  with  other  phosphorus-nitrogen  acids,  no  ammonia 
is  evolved  on  boiling  with  alkalies. 

Amides  of  the  metaphosphimic  acids. — ^Gerhardt  ^  has  described,  under 
the  name  "phosphamide,"  a  body  of  the  empirical  composition  PN20H3, 
which  he  obtained  by  action  of  ammonia  and  water  on  phosphorus 

pentachloride  and  to  which  he  gave  the  formula  VOf         .     This  cor- 

responds  to  the  amide  of  a  metaphosphimic  acid,  but  its  properties 
indicate  that  it  is  probably  a  substance  of  high  molecular  weight.  I 
have  attempted  to  obtain  amides  of  the  first  three  metaphosphimic 
acids  by  acting  on  the  corresponding  chloronitrides  with  gaseous  or 
strong  aqueous  ammonia.  The  efforts  were  but  partially  successful. 
The  P :  N  ratio  is  sometimes  rather  higher,  sometimes  rather  lower, 
than  is  required  by  the  formula  (PN20Il3)n.  They  have  none  of  the 
properties  of  Gerhardt's  phosphamide,  but  are  extremely  soluble  in 
water,  uncrystallizable,  and  unstable,  and  have  weakly  acid  properties^ 
forming  alkali  and  silver  salts,  which,  however,  are  of  very  variable 
composition  and  of  ill-defined  properties.  Like  the  metaphosphimic 
acids,  they  give  ofi*  no  ammonia  on  boiling  with  alkali,  but  are  easily 
decomposed  on  treatment  with  acids. 


» Ann.  Chlm.  Pliys.  [3],  Vol.  XVHI,  p.  188. 
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Genebal  Summary. 

The  principal  results  of  the  preceding  investigations  may  be  summed 
up  as  follows: 

1.  There  exists  a  series  of  bodies  of  the  general  formula  (PK0l2)n, 
beginning  with  Liebig's  chloronitride  of  phosphorus,  and  extending 
iudefinitcJy  upward. 

2.  Each  of  these  bodies  yields,  on  saponification,  an  acid  with  the 
same  number  of  phosphorus  and  nitrogen  atoms. 

3.  The  first  four  of  these  acids  exist  in  two  forms — the  lactam  form, 
(PNOsHs),!  (metaphosphimic  acids),  where  n  is  either  3, 4, 5,  or  6,  which 
is  formed  only  in  neutral  or  acid  solution,  and  the  open-chain  form 
(PN02H2)+H20,  formed  uilder  the  influence  of  alkalies. 

4.  The  acid  derived  from  the  fifth  chloronitride,  P7N7CI14,  and  possi- 
bly those  firom  the  higher  members,  do  not  form  lactams,  but  persist  in 
the  open  form  under  all  circumstances. 

5.  The  properties  of  these  acids  with  respect  to  stability,  power  of 
forming  lactams,  and  nature  of  decomposition  products  may  be 
explained  by  stereochemical  considerations,  analogous  to  those  of  von 
Baeyer  on  the  methylene  hydrocarbons  and  of  Joh.  Wislicenus  on  the 
lactones. 

Experimental  Part. 

Saponification  of  the  phoaphonitrilic  chlorides. — As  pointed  out  in  the 
preceding  papers,  triphosphonitrilic  chloride  is  conveniently  saponified 
by  shaking  its  ethereal  solution  with  an  aqueous  solution  of  sodium 
acetate,  and  tetraphosphonitrilic  chloride  in  a  similar  manner  with 
water,  the  trifling  quantities  of  secondary  decomposition  products  being 
easily  removed.  These  methods  can  not  be  applied  to  the  higher  chlo- 
rides, for  the  secondary  products  formed  by  the  liberated  acetic  or 
hydrochloric  acid  can  not  be  separated  from  the  main  product  owing  to 
the  uncrystallizable  nature  of  the  latter.  A  smooth  saponification 
without  secondary  products  may  be  efiected  by  using  sodium  hydroxide 
in  sufficient  amount  to  keep  the  solution  always  strongly  alkaline. 

Four  parts  chloride  are  dissolved  in  about  20  parts  alcohol-free 
ether  and  shaken  with  a  solution  of  5  parts  pure  sodium  hydroxide  in 
20  parts  water.  A  bottle  with  a  carefully  paraffined  glass  stopper  must 
be  used,  corks  being  inadmissible,  as  they  give  rise  to  colored  prod- 
ucts which  can  not  be  removed.  The  shaking  is  conveniently  efiected 
by  a  rotator,  moved  by  a  small  electric  motor,  and  about  fifty  hours  are 
sufficient  for  complete  sajionification.  As  soon  as  the  ether  is  found  to 
be  practically  free  firom  chloronitrides,  the  alkaline  solution  is  drawn  ofi* 
and  precipitated  by  2  or  3  volumes  of  alcohol.  This  throws  down  the 
sodium  salt  as  a  thick  sirup,  which  is  repeatedly  washed  by  stirring 
with  60  i>er  cent  alcohol,  dissolved  in  water,  reprecipitated  by  alcohol, 
and  again  washed  in' the  same  way  until  it  is  free  from  sodium  chloride. 
It  is  then  dehydrated  by  stirring,  kneading,  and  finally  pnVve^tmu^ 


142    CONTRIBUTIONS  TO  CHEMISTRY  AND  MINEBALOUT.   [buli.1«7. 

under  renewed  portions  of  absolute  alcohol.  After  standing  several 
hours  under  absolute  alcohol  it  is  filtered  off  and  dried  In  vacuo  over 
sulphuric  acid.  The  yield  in  each  case  is  about  90  per  cent  of  the 
theoretical,  the  remainder  being  lost  in  the  alcoholic  solution. 

Pbntametaphosprimic  Acid. 

/NH.POOH.NH.POOH. 
POOH<  >NH. 

\nh.pooh.nh.pooh/ 

This  is  the  lactam  of  amidotetrimidopentapJiosphorio  (uddj 

.OH 
.NH.POOH.NH.PO< 
POOH<  \NH2 

\NH.POOH.NH.PO(OH)2 

It  exists  in  the  lactam  form  in  the  5-atom  silver  salt  and  apparently 
in  the  solution  of  its  acid  and  normal  salts;  in  alkaline  solutions, 
however,  it  has  probably  the  open  form,  as  the  silver  salt  prepared 
from  such  a  solution  has  a  composition  corresponding  to  this. 

The  free  acid  may  be  obtained,  somewhat  contaminated  with  decom- 
position products,  by  decomposing  the  silver  salt  under  water  by  hydro- 
gen sulphide,  care  being  taken  to  keep  the  liquid  cool.  The  solution 
has  an  acid,  somewhat  astringent,  taste,  and  is  imperfectly  precipitated 
by  alcohol  in  a  gelatinous  form,  resembling  precipitated  fdumina.  This 
shows  the  reaction  of  the  salts,  but  is  impure,  as  caustic  alkali  causes 
the  evolution  of  little  ammonia. 

Sodium  salts. — As  all  the  sodium  salts  are  amorphous  and  precipi- 
tated by  alcohol,  in  a  sirupy  or  viscous  form,  it  is  not  easy  to  obtain 
any  of  them  pure.  The  salt  prepared  in  the  above  manner  contains 
about  5.4  atoms  of  sodium  (analyses  1  and  2)  and  forms  a  white,  sandy, 
amorphous  powder,  which  is  not  hygroscopic,  but  which  slowly  absorbs 
carbon  dioxide.  Under  water  it  first  becomes  pasty  and  then  slowly 
dissolves,  with  considerable  evolution  of  heat.  Salts  with  4  or  more 
atoms  of  sodium  invariably  contain  2  molecules  of  water  which  are 
retained  at  lOQo. 

The  penta-sodium  salt,  P5N50ioH5Na5+2H20,  may  be  obtained  by ' 
adding  to  the  solution  of  a  salt  containing  a  known  excess  of  sodium 
nearly  enough  nitric  acid  to  neutralize  the  excess  and  precipitating  by 
alcohol,  or  by  nearly  neutralizing  with  acetic  acid,  with  phenolphthalein 
as  indicator,  and  precipitating  by  alcohol.  In  the  latter  case,  however, 
there  is  a  slight  deficiency  of  sodium  (analyses  3  and  4).  The  normal 
salt  has  a  strongly  alkaline  reaction  and  loses  some  alkali  by  repeated 
precipitation  by  alcohol. 
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For  analysis  the  salts  were  dried  at  lOQo. 


■ —                ^— 

Calonlated  for 
P»NcO|»HflKas-f  2H,0. 

Fonnd. 

1. 

2. 

8. 

29.10 
13.29 
21.54 

4. 

p 

N 

28.64 
12.96 
21.27 

28.23 
12.90 
22.74 

28.24 
12.86 
22.64 

29.13 
13.22 
20.77 

Na 

1  and  2  were  precipitated  directly  from  alkaline  solntion. 

1.  P:N:Na=5:5.02:5.42. 

2.  P:N:Na=6:5.03:5.40. 

3  and  4  were  preoipitate<l  from  a  solntion  neatralizeil  with  acetic  acid  with 
phenolphthalein  as  indicator. 

3.  P:N:Na  =  5:  5.03:  4.75. 

4.  P:N:Na=5:  5.02:  4.80. 

The  tetra-sodiam  salt,  P5N50ioHs.Na4H+2H20,  is  obtained  by  dissolv- 
ing the  crude  salt  in  water  with  its  own  weight  of  80  per  cent  acetic 
acid  and  precipitating  twice  by  alcohol.  It  resembles  the  normal  salt, 
but  has  neutral  reaction. 

It  gave  after  drying  at  100<^: 


Calciilat<Ml  for 
P,N,0,»H5  Na4H+2U,0. 


Found. 


29.85  30.02 

17. 74  17. 71 


P:  Na  =  5:  3.97. 

Salts  with  Still  less  alkali  can  be  obtained  by  precipitating  the  crude 
salt  by  alcohol  from  a  nitric  acid  solution.  This  precipitate  is  viscous 
rather  than  sirupy,  as  with  the  salts  with  4  and  5  atoms  of  sodium. 
Salts  with  5  or  more  atoms  of  sodium  can  be  kept  indefiuitely  without 
alteration  and  do  not  evolve  ammonia  with  alkalies,  but  those  withless 
gradually  decompose. 

Barium  saU, — A  solution  of  the  sodium  salt  gives,  with  barium  chlo- 
ride, a  voluminous  precipitate  of  unknown  composition,  insoluble  in 
water  and  acetic  acid. 

Magnesium  salts. — ^Pentametaphosphimic  acid  forms  several  salts  with 
magnesium  alone,  as  well  as  double  salts  with  magnesium  and  other 
metals. 

A  solution  of  the  sodium  salt,  strongly  acidified  with  acetic  acid, 
gives,  with  magnesium  salts,  a  voluminous,  amorphous  precipitate, 
nearly  insoluble  in  water  and  but  slightly  more  soluble  in  strong  acetic 
acid.  The  composition  of  this,  after  drying  at  100^,  approximates  to 
P,NsOiA.Mc^+5HtO. 
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Calonlatod  for 
P»N«0|«Hs.MgaH+6H,0. 

Found. 

1. 

2. 

p 

29.26 
9.16 

28.82 
9.52 

29.05 

10.10 

Mir 

■*"■*©  .---..•--..... 

1.  P:Mg=:5:2.11. 

2.  P:Mg  =  5:2.22. 

A  considerable  portion  of  the  acid  remains  in  solution,  however,  even 
in  the  presence  of  a  large  excess  of  the  precipitant,  in  combination 
with  less  than  2  atoms  of  magnesium,  and  can  beprecipitated  by  alco- 
hol as  a  salt  soluble  in  water.  If  this  insoluble  magnesium  salt  be 
dissolved  in  dilute  nitric  acid  and  ammonia  added  to  incipient  precipi- 
tation, the  solution,  after  filtering,  contains  essentially  the  primary 
salt  (P5N50ioHg)2Mg;  from  this  solution  silver  nitrate  throws  down  an 
amorphous  magnesium  silver  salt  with  a  varying  amount  of  silver. 
The  primary  salt  is  easily  soluble  in  water  and  is  remarkably  stable, 
giving  no  precipitate  with  ammonia,  sodium  hydroxide  or  carbonate, 
even  on  boiling.  The  magnesium  can  be  removed  only  by  adding  to 
its  solution  ammonia  and  an  alkaline  phosphate.  On  boiling  in  neutral 
or  acetic  acid  solution,  however,  a  precipitate  of  the  2-atom  salt  at 
once  forms.  Even  the  latter  dissolves  in  boiling  sodium  carbonate 
solution. 

Indications  of  an  intermediate  salt  were  observed,  but  it  could  not 
be  isolated  in  pure  condition. 

Silver  salts. — The  silver  salts  of  the  phosphorus-nitrogen  acids  are 
invariably  free  from  water,  and  it  is  ui>on  these,  therefore,  that  the 
formulas  of  the  acids  themselves  are  based.  There  is  no  difficulty  in 
obtaining  normal  silver  tri-  and  tetrametaphosphimates  of  theoretical 
composition,  and  their  crystalline  nature  affords  a  guaranty  of  their 
homogeneity.  The  same  difficulty  is  encountered  with  the  silver  penta- 
metaphosphimates,  however,  as  with  the  sodium  salts;  they  are  amor- 
phous flocculent  precipitates,  the  eomi)osition  of  which  corresponds  to 
a  definite  formula  only  when  they  are  formed  under  special  conditions. 
In  this  case,  as  in  others  in  this  paper,  the  actual  percentage  composi- 
tion expresses  very  little,  if  compared  with  the  calculated  composition 
of  a  definite  salt.  It  is  therefore  better  to  express  the  results  of  the 
analysis  in  a  molecular  formula  based  on  the  atomic  ratios  of  phos- 
phorus, nitrogen,  and  silver,  as  actually  determined;  a  comparison  of 
the  x)ercentage  composition  found,  with  that  calculated  for  salts  of  the 
lactam  and  open  chain  acids  containing  phosphorus  and  silver  in  the 
same  ratio,  then  shows  at  once  to  which  of  these  acids  the  salt  is  to  be 
referred. 

The  composition  of  the  precipitates  depends  altogether  on  the  rela- 
tive  amoanta  of  the  reacting  bodies*,  and  even  the  free  acid  can  be  almost 
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completely  precipitated^  provided  a  sufficient  excess  of  silver  uitrate 
be  used.  The  preparations  analyzed  were  made  by  precipitating  a  solu- 
tion of  1  gram  sodium  salt  in  50  cubic  centimeters  water  with  55  cubic 
centimeters  one-fifth  normal  silver  uitrate  solution.  To  the  sodium 
salt  was  added  enough  nitric  acid  to  produce  a  salt  of  kuown  compo- 
sition. Uuder  these  oonditioDS  it  was  found  that  a  salt  with  4  atoms 
of  sodium  gives  very  nearly  the  normal  salt,  PsNsOmHsAgs  (analyses 
3,  4,  6)j  the  number  of  equivalents  of  silver  in  the  precipitate  always 
exceediug  the  number  of  equivalents  of  sodium.  Up  to  5  atoms  of 
silver  the  precipitates  are  white;  with  more  silver  they  become  more 
and  more  yellow  in  proportion  to  the  amount  of  silver  tbey  contain. 
An  excess  of  0.3  atom  over  the  normal  imparts  a  perceptible  yellow 
tint.  The  salts  are  unaffected  by  light  or  by  heating  at  100^,  and  are 
decomposed  by  cold  caustic  alkalies^  with  separation  of  silver  oxide. 

In  the  following  table  the  molecular  formulas  given  are  based  on  the 
ratio  of  phosphorus  to  silver  actually  determined  and  referred  to  the 
acids  P5N5O10H10  and  P5H5O11H12.  A' comparison  shows  that  the  salts 
are  derivatives  of  the  former,  a  true  metaphosphimic  acid.  The  salts 
were  dried  at  100<^. 


6 


BatioP  :N  :Ag. 


PftN60iiH6.iiaAg6*i8 - 

5  : 5.Q2  : 5. 18{  P6N6O10H4.nAg6.i8  -  •  •  -^ 

Found 


5  :5.06  :5. 


PftNsOi  1  H^.eHAg6.9s 

P6N60ioH|.e8Ag5.3S 

Found 


5:5.04:4 


95] 


PAN6O11H7.ovAg4.ii6 

p6NAO|oH6.(l5Ag4.iA 

Found 


5  :4.96:4.9& 


P5N60„H7.0«Ag4.Uii 
P6N60]oHA.mAg4.!« 

Found 


5:5.04:5.15 


PeNeOi  1  H6.86  Ag6. 1  b 
P6N6O10H4.tt6Ag6.iA 
Found 


5:5.05:4.97 


{   P6N»O„H7.0BAg4.^ 

p6N6010H6.OSAg4.tl7 
Found. 


P. 


16.03 
16.34 
16.31 

15.79 
16.09 
16.04 

16.45 
16.77 
16.75 

16.45 
16.77 
16.77 

16.09 
16.40 
16.32 

16.42 
16.74 
16.62 


N. 

7.26 
7.39 
7.41 

7.15 
7.28 
7.35 

7.45 
7.59 
7.64 

7.45 
7.59 
7.53 

7.28 
7.42 
7.45 

7.43 
7.57 
7.59 


Ag. 


57.80 
58.88 
58.76 

58.45 
59.55 
59.37 

56.66 
57.77 
57.69 

56.66 
57.77 
57.82 

57.65 
58. 75 
58.46 

56.78 
57. 89 
57.51 


Tri-  and  tetrametaphosphimic  acids,  when  precipitated  from  ammo- 
niacal  solution  by  excess  of  silver  nitrate,  gave  amorphous  yellow  salts 

■  P^NaObBfAgt  St  lowoely  Albcted  by  boiling  witli  strong  caustic  potasti  and  PiN40tlii\^  \ft 
•earoetj  ttttcML  in  the  odd,  b«t  is  at  onoedeoompoaed  on  boiling. 
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of  the  composition  PsKsOTHsAge  and  P4N409H2Ag8  re8i)eotive]y.^  These 
are  salts  of  the  open-chain  acids.  A  similar  salt  is  obtained  by  pre- 
cipitating an  ammoniacal  solution  of  peutametaphosphimic  acid  by 
silver  nitrat<e,  but  in  accordance  with  its  less  acid  properties  the  quan- 
tity of  silver  does  not  reach  10  atoms,  being  in  the  specimen  analyzed 
only  8.76  atoms,  but  the  figures  correspond  closely  to  a  derivative  of 
amidot^trimidopentaphosphoric  acid,  PsNsOuHu,  rather  than  peuta- 
metaphosphimic acid.    Dried  at  lOO^  it  gave: 


Ratio  P:Ag. 

P. 

Ag. 

5 : 8.7ft 

rPfiNfiOllH3.44Aff^^.7fi 

11.49 
11. 61 
11.48 

70.04 
70.98 
70.03 

PaNiOioHi  A*ASly,lK 

Found  

It  appears,  therefore,  that  in  alkaline  solution  the  metaphosphiraic 
acids  become  open-chain  acids,  just  as  lactones  and  lactams  give  y-  and 
6'Oxj-  and  amido-acids.  On  drying  at  lOO^,  the  yellow  silver  salts 
become  gray  without  loss  of  weight,  probably  owing  to  separation  of 
silver  oxide.  This  is  perhaps  due  to  a  tendeucy  to  revert  to  the  lactam 
form,  with  separation  of  silver  oxide,  rather  than  water. 

DeCOMPOBITION  of  PSMTAMSTAPHOePHIMIC  ACID. 

Peutametaphosphimic  acid  is  markedly  more  stable  in  acid  solution 
than  trinietaphosphimic  acid.  In  the  section  on  the  latter  I  described  in 
detail  its  decomposition  products  when  acted  on  by  nitric  acid.  Under 
identical  conditions  the  rate  of  decomposition  of  peutametaphosphimic 
acid  was  found  to  be  very  much  slower.  On  account  of  this  greater  sta- 
bility the  action  of  hot  acetic  acid  gives  more  satisfactory  results.  No 
attempt  was  made  to  isolate  all  the  products,  as  these  are  numerous  and 
the  analytical  difficulties  considerable.    The  following  were  identified: 

Tetrametaphosphimio  acid,  PiN40MHg. 
Triimidotetraphosphoric  acid,  l^NaOioHy. 
Diimidotriphosphoric  acid,  PsNiOnHr. 
Orthophosphoric  acid,  H:jP04. 

Five  parts  sodium  pentametaphosphimate  are  dissolved  in  16  parts 
water,  5  parts  strong  acetic  acid  added,  and  the  solution  heated  in  the 
water  bath.  The  separation  of  a  crystalline  precipitate  of  acid  sodium 
tetrametaphosphimate  begins  in  about  fifteen  minutes  and  continues 
for  i^erbaps  eight  hours,  at  tbe  end  of  which  time  the  solution  gives  no 
precipitate  with  magnesium  chloride,  indicating  the  absence  of  penta- 
metaphosphimate. The  sodium  tetrametaphosphimate,  being  insoluble 
in  a  solution  of  sodium  salts,  is  completely  precipitated.  It  is  filtered 
off  and  washed  a  little  with  saturated  sodium  acetate  solution.    The 


1  In  tbe  third  sectiou  of  this  paper  tbe  formnia  P4N40(|  Agg  was  ascribed  to  the  per-sil  ver  salt  of  tetra> 
metapbaaphimic  acid ;  a  recalculation  of  the  analyses  in  the  above  manner,  however,  shows  that  thqr 
ooTreapoDd  much  more  cloaoly  to  the  open  form  p4N409H2Agt„  with  a  slight  deficiency  of  silver. 
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filtrate  is  concentrated  to  about  oue-half  with  addition  of  about  5  parts 
solid  sodium  acetate,  whereby  sodium  triimidotetraphosphate  separates, 
in  the  form  of  fiat  prisms  or  plates,  which  are  washed  with  a  little  sat- 
urated sodium  acetate  solution  and  purified  by  dissolving  in  water  and 
precipitating  by  alcohol,  or  by  adding  solid  sodium  acetate  to  their 
hot  solution.  On  further  concentrating  the  filtrate,  large  plates  are 
often  obtained,  which  give,  with  silver  nitrate  and  nitric  acid,  a  crys- 
talline precipitate  of  the  characteristic  silver  diimidotriphosphate, 
P3N208H4Ag3.  No  satisfactory  and  certain  method  can  be  given  for 
the  separation  of  these  two  acids. 

The  sodium  tetrametaphosphimate  thus  obtained  usually  has  the  form 
of  spindles,  but,  when  well  developed,  consists  of  brilliant  double 
pyramids.  It  had  not  been  observed  at  the  time  of  writing  the  paper 
on  tetrametaphosphimic  acid.  It  is  obviously  an  acid  sodium  salt,  as 
it  is  formed  only  in  the  presence  of  acetic  acid  or  a  limited  amount  of 
a  stronger  acid.  It  was  also  obtained  directly  from  the  original  sample 
of  the  acid,  but  was  not  analyzed,  as  it  is  difficult  to  obtain  a  sufficient 
quantity  uncontaminated  by  the  free  acid.  It  is  moderately  soluble 
in  water,  but  almost  insoluble  in  solutions  of  sodium  salts  and  is  highly 
characteristic  of  this  acid.  The  crude  salt  was  dissolved  in  ammonia, 
with  the  addition  of  some  ammonium  nitrate,  and  precipitated  by  nitric 
acid  as  P4N408H6(NH4)2.  The  precipitation  is  almost  quantitative. 
This  pure  salt  was  dissolved  in  ammonia,  largely  diluted,  and,  after 
acidifying  with  nitric  acid,  precipitated  by  an  excess  of  silver  nitrate 
in  the  form  of  the  characteristic  P4N408H4Ag4.    This  gave: 


Calculatecl  for 

P4N40,H4Ag4. 


Found. 


The  free  acid  was  obtained  by  decomposing  the  silver  salt  with 
hydrochloric  acid  in  the  characteristic  form  of  difficultly  soluble  needles. 
It  gave: 


Calculated  for 
P4N40,n.  i-2H,0. 


P 

N 


Found. 


A  comparison  of  the  acid  potassium,  sodium,  and  ammonium  salts 
and  neutral  ammonium  salt  with  those  prepared  from  a  sample  of 
tetrametaphosphimic  acid  from  tetraphosphonitrilic  cbloride  ^^lO'vve^ 
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them  to  be  identical  in  fonn.  The  yield  of  tetrametaphosphimio  acid 
appears  to  be  nearly  independent  of  proportions  and  oonoentration, 
and  was  abont  12  per  cent  of  that  required  by  the  equation 

PfiNftOioH.o  +  2H;,0 = P4N408Hg + NH4H4PO4. 

Triimidotetraphospharic  acid^  PO(OH)j.NH.POOH.NH.POOH.NH. 
PO(OH)2. — The  sodium  salt  of  this,  the  third  member  of  the  imidophos- 
phoric  acid  series  obtained,  crystallizes  well  in  small  rhombic  or  six- 
sided  plates.  The  several  specimens  obtained  were  not  analyzed,  but 
converted  into  the  silver  salt.  By  analogy  with  PaNsOgHT,  tiiere 
can  be  little  doubt  that  it  is  the  acid  salt,  PJ^sOioHsNac.  It  is  easily 
soluble  in  water,  but  almost  insoluble  in  saturated  sodium  acetate  solu- 
tion or  dilute  alcohol.  It  gives  a  precipitate  with  magnesium  nitrate 
only  on  adding  ammonia  and  ammonium  chloride,  when  a  voluminous 
precipitate  is  obtained,  which,  on  standing,  slowly  changes  to  minute 
crystalline  spherules. 

Silver  triimidotetraphosphatej  P4N30ioH5Ag4,  is  obtained  as  a  volumi- 
nous amorphous  white  precipitate  by  adding  silver  nitrate  to  a  solution 
of  the  sodium  salt  faintly  acidified  with  nitric  acid.  On  long  standing 
under  its  mother-liquor  it  becomes  crystalline  and  this  change  occurs 
in  a  few  moments  on  washing  the  precipitate,  shrinking  to  a  heavy, 
sandy,  crystalline  powder,  a  very  characteristic  behavior.  The  same 
change  can  be  observed  under  the  microscope  in  the  partially  washed 
salt,  the  amorphous  portion  changing  to  minute  particles  showing 
active  Browuian  movement,  which  aggregate  to  prisms  which  are  long 
and  pointed  and  often  tufted  at  the  ends,  and  which  can  not  be  dis- 
tinguished in  appearance  from  silver  tetrametaphosphimate.  From  a 
decidedly  acid  solution  the  salt  is  deposited  slowly  and  without  the 
intermediate  amorphous  form. 

The  salt  gave  after  drying  at  lOQo : 


Calciilate.(l  for 

P4N,0,«H5Ag4. 

Found. 

1. 

2. 

p 

16.26 

5.52 

56.58 

16.43 

5.62 

56.61 

16.48 

5.55 

57.18 

N 

As 

^a  '  ----  --••  ----  ------ 

1.  P:N:Ag  =  4:3.03:3.96. 

2.  P:N:Ag  =  4:2.98:3.99. 

Triimidotetraphosphoric  acid  could  not  be  obtained  from  tetrameta- 
phosphimio acid,  being  much  less  stable  than  the  latter.  It  is  therefore 
probably  derived  from  the  breaking  down  of  the  chain  of  phosphorus 
and  nitrogen  atoms  formed  by  the  hydrolysis  of  the  pentametaphosphi- 
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NH 


Hexambtaphosphimic  Acid. 
POOH.NH.POOH.NH.POOH 


>NH. 


POOH,NH,POOH.im.POOH^ 

This  is  the  lactam  of  amidopentimidohexaphosphoric  cusidj 

/OH 
/POOH.NH.POOH.NH.PO<Q 


NH 


\ 


NHs 
POOH.NH.POOH.NH.PO(OH)2 


It  is  obkuned  as  sodium  salt  by  8ax>onifying  hexaphosphonitrilic  chlo- 
ride in  ethereal  solution  by  sodium  hydroxide  in  the  manner  above 
described.  In  neutral  or  acid  solution  it  has  the  lactam  form,  as  shown 
by  the  comx>osition  of  the  silver  salt,  but  in  alkaline  solution  it  has  pre- 
sumably the  open  form.  The  free  acid,  obtained  in  solution  by  decom- 
IKMsing  the  silver  salt  under  water  by  hydrogen  sulphide,  has  an  astrin- 
gent rather  than  acid  taste,  and  can  not  be  obtained  pure  in  the  solid 
form,  as  it  is  not  precipitated  by  alcohol,  and  the  solution,  on  evapo- 
rating, undergoes  much  decomposition,  leaving  a  gummy  residue. 

Sodium  hexametaphosphimate,  P6N60i2H6Na6  +  2H2O.— The  properties 
of  this  salt  are  essentially  the  same  as  those  of  the  corresi^onding  pen- 
tametaphosphimate.  When  containing  an  excess  of  alkali  it  is  stable, 
but  with  a  deficiency  it  decomposes  more  or  less  rapidly.  A  salt  of 
approximately  normal  composition  can  be  obtained  by  adding  to  the 
solution  of  a  preparation  with  more  than  0  atoms  of  sodium  enough 
nitric  acid  to  neutralize  the  excess  and  precipitating  by  alcohol  (anal* 
yses  3  and  4).  In  the  following  table  the  results  are  expressed  in 
formulas  based  on  the  determined  ratio  P  :  Na.  The  samples  were  dried 
at  1000. 


BaUo  P  :  K  :  Na. 


3 


iFound 

^''        ^^-^Vund 

^  ^^.   .      fP6NfiOi«H6.(„Na..w-f2H20 
6 : 6.04 :  o.931  _ 

^Found 

^  cnrc  ^^.rP«N6O,.iH«.06Na5.^4+2HaO 
6 :  6.05 : 5,9i<  „ 

IFounu 

^P«N60,8H7.-»Na«.«+2H.,0 
^'        '*'^Fonnd 


P. 

N. 
12.95 

Na. 

28.62 

22.50 

28.55 

12.96 

22.45 

28. 51 

22.80 

28.31 

22.63 

29.02 

13.14 

21.31 

29.13 

13.27 

21.38 

29.02 

13.14 

21.31 

29.16 

13.29 

21.43 

31.05 

17.70 

30.89 

17.60 
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1  and  2  precipitated  from  solution  containing  excess  of  alkali;  3 
and  4,  from  solution  in  which  excess  over  5  Na  had  been  neutralized; 
5j  from  solution  in  large  excess  of  acetic  acid. 

Magnesium  salt— A.  solution  of  the  sodium  salt  precipitated  by  mag- 
nesium nitrate  in  the  presence  of  acetic  acid,  under  exactly  the  same 
conditions  as  were  observed  in  preparing  the  corresponding  pentameta- 
phosphimate,  gave  a  salt  which  closely  resembles  the  latter,  but  which 
does  not  approximate  to  any  definite  formula  (found  P  :  Mg  =  6  : 2.43). 
The  precipitation  is  by  no  means  complete,  much  remaining  in  solution 
as  a  salt  which  can  be  precipitated  by  alcohol,  which  is  not  decomposed 
by  boiling  with  alkalies,  and  which,  in  general,  resembles  the  primary 
salt  of  pentametaphosphimic  acid. 

Silver  hexametaphosphimalej  P6N60i2H6Ag6. — The  silver  salt  prepared 
from  the  sodium  salt  varies  in  composition  with  the  relative  amounts 
of  the  reacting  bodies  and  with  the  amount  of  sodium.  It  was  obtained 
of  normal  composition  by  dissolving  1  gram  sodium  salt  in  50  cubic  cen- 
timeters water,  adding  enough  nitric  acid  to  produce  a  salt  with  5.75 
atoms  of  sodium,  and  precipitating  by  50  cubic  centimeters  one-fifth 
normal  silver  nitrate  (analyses  3  and  4).  It  resembles  the  correspond- 
ing pentametaphosphimate,  but  is  somewhat  more  gelatinous.  Any 
excess  of  silver  over  6  atoms  tends  to  give  it  a  yellow  color.  It  is 
decomposed  in  the  cold  by  caustic  potash  with  separationof  silver  oxide. 
The  analyses  given  in  the  following  table  of  preparations  dried  at  IWP 
show  that  it  is  derived  from  the  true  hexametaphosphimic  acid, 
P6N6O12H12. 


Katio  P  :  N  :  Ag. 


P6N,0,3HH.:«vAg.,.u'. 

6  :  6.08  :  5.65  ^  Pr.N60,,H6.,ftAgvft. 

Found  


:  6. 21 


P,  JJeO  1 3H  7 . 7'*Agr..  a  I 
PrtN«Oi2lIr,.7^g...ai 
Found  


6  :  5. 99  :  5. 98 


P6N«0|3H8.r«Ag.r..,w 

P6N60i3Hr..<«Ag:>..is . . . 
Found  


6  :  6. 04  :  6. 02 


PHN«Oi3H7.r«Ag,i..« 
PhNcO  iaH6.fwAgf,.,>2 

Found  


P. 

16.97 
17.26 
17.23 

16.09 
16.35 
16.29 

16.44 
16. 71 
16.70 

16.38 
16.65 
16.67 


N. 


7.68 
7.81 
7.89 


7.44 
7.56 
7.54 

7.41 
7.54 
7.54 


Ag. 


55.60 
56.53 
56.48 

57.97 
58.89 
58.64 

57.02 
57.95 
57.90 

57.18 
58.02 
57.80 


1 


A  yellow  salt  is  obtained  by  precipitating  the  ammoniacal  solution  by 
silver  nitrate. 

Decomposition  of  hexametaphosphimic  acid. — The  sodium  salt  heated 
with  acetic  acid  gives  tetrametaphosphimic  acid,  which  was  isolated 


noKm.] 


HIGHER   METAPHOSPHIMIC    ACIDS. 


151 


in  the  manner  described  above.    The  yield  is  30  per  cent  of  that 
required  by 

PfiNeO.sHii  +  4HaO  =  P4N408H«  +  2NH4H«PO^. 

After  purifying,  it  was  converted  into  the  silver  salt,  which  gave : 


Calcnlated  for 

P4N40,H4Ag4. 

Found. 

p 

16.68 

7.55 

58.03 

16.63 

7.50 

57.58 

N 

Ak 

**o  --«••• .  ----  ......  ......  ...... 

P  :N  :Ag=4  : 3.99  : 3.98. 

Comparison  of  the  crystals  of  free  acid  and  of  the  acid  and  ueutral 
ammonium  salts,  acid  potassium  salt,  neutral  sodium  salt,  and  silver 
salt  with  similar  preparations  made  from  tetraphosphonitrilic  chloride 
showed  that  they  were  identical. 

The  decomposition  products  were  not  further  studied. 

AMIDOIIKXIMIDOHEPTAPHOSPnORIC  ACID,  PtNtOisHih. 

The  saponification  of  heptaphosphouitrilic  chloride  is  effected  in  the 
usual  manner  with  sodium  hydroxide.  As  before  pointed  out,  this  acid 
does  not  give  the  lactam,  heptametaphosphimic  acid,  even  in  acid 
solution,  the  silver  salt  having  the  composition  of  a  salt  of  the  open- 
chain  acid. 

Sodium  salt. — The  properties  of  this  salt  are  similar  to  those  of 
sodium  penta-  and  hexametaphosphimate.  Dried  in  vacuo  and  at  100^, 
it  gave: 


p  . 

Na 


Calculated  for 
P,N,0,»H..„Na,.4,  +  2n,0. 


28.  16 
22.19 


Found. 

28.31 
22.31 


P:Na=7:7.43. 

Silver  saltj  PTNTOisHgAg?. — To  obtain  a  salt  of  normal  composition, 
1  gram  sodium  salt  is  dissolved  in  50  cubic  centimeters  water,  enough 
nitric  acid  is  added  to  form  a  salt  with  6.85  atoms  of  sodium,  and  pre- 
cipitated by  50  cubic  centimeters  one-fifth  normal  silver  nitrate.  More 
sodium  or  silver  nitrate  gives  a  salt  richer  in  silver.  The  salt  forms  a 
white  semigelatinous  precipitate,  which  dries  in  vacuo  to  translucent 
brittle  lumi>s,  which  were  pulverized,  dried  a^aiu  in  vacuo  and  then 
carefully  to  constant  weight  at  lOO^. 
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Ratio  P  :  N  :  Ar. 


7  : 


P7N7O 1 5H9.OT  A  grt.90 

6.93{  P7N7OMH7.OTAg6.98 
Found 


7  : 


:7.21 


P7N7Oi6H8.79Ag7.91 

P7N7O14H6  T»Ag7.3| 

Found 


7  : 


P7N7Oi6H8.92Ag7.0e 
:7.08^  P7N7OMH«.«Ag7.0H 
Found 


P7N7O,6H8.97Ag7.03 

7  :  7.at  :  7.03  {  P7N70HH«.v^Ag7.cn 

Found 


P. 

K. 

Ag. 

16.55 

56.99 

16.77 

57.77 

16.44 

5a  61 

16.17 

57.97 

16.40 

58.76 

16.21 

58.09 

16.35 

57.51 

16.57 

^  58.30 

16.27 

•  • • •  •  ^« • 

57.27 

16.41 

7.43 

57.85 

16.64 

7.53 

58.16 

16.35 

7.44 

57.14 

These  figares  show  beyond  question  that  the  acid  has  the  open  form 

The  decomposition  of  the  sodium  salt  by  acetic  acid  gives  rise  to  a 
considerable  amount  of  tetrametaphosphimic  acid,  characterized  by  its 
crystalline  form  and  that  of  its  salts. 

Higher  Acids. 

Of  the  higher  acids  of  the  series  but  little  can  be  said.  The  oil 
remaining  over  from  preparation  of  chloronitrides,  and  which  has  a 
mean  molecular  weight  nearly  corresponding  to  PnNnClaa,  on  saponifi- 
cation gives  a  mixture  of  sodium  salts  which  are  precipitated  by  alco- 
hol in  a  decidedly  viscous  form,  and  which  are  decomposed  by  acids, 
giving  tetrametaphosphimic,  diimidotriphosphoric,  and  triimidotetra- 
phosphoric  acids.    They  were  not  further  investigated. 

Amides  of  Mbtaphosphimic  Acids. 

Amides  of  PgNaOeHe. — Strong  ammonia  gas  acts  slowly  on  a  solution 
of  P3N3CI6  in  absolute  ether,  the  product  being  at  first  ammonium 

.Oh 

.    This  remains  in  solution 


/ 


chloride  and  the  chloramide,  P3N3. 

and  is  gradually  attacked  further,  but  is  the  only  product  of  the  reac- 
tion which  is  soluble  in  ether;  by  further  action  of  ammonia  the  chlo- 
rine is  further  substituted,  but  never  completely,  and  the  reaction 
product  is  thrown  down,  mixed  with  ammonium  chloride.  On  washing 
this  with  alcohol,  dissolving  in  water,  and  treating  with  enough  sil- 
ver nitrate  to  precipitate  the  chlorine,  a  solution  is  obtained  which,  by 
fractional  precipitation  with  silver  nitrate,  gave  the  silver  salt  of  an 
amide  with  the  ratio  P  :  N  :  Ag  =  3  :  6.27  :  2.01.     An  ethereal  solu- 

tion  of  PsNs^  ,  shaken  with  sodium  hydroxide,  gives  the  sodium 
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salt  of  the  diamide  of  trimetaphospbimic  acid,  from  which  the  chlorine 
may  be  removed  by  neutralizing  with  nitric  acid  and  adding  the  calcu- 
lated amount  of  silver  nitrate.  From  the  filtrate  an  amorphous  silver 
salt  may  be  precipitated  which  gave  the  ratio  P  :  N  :  Ag  =  3  : 4.88  : 3.51. 
If  P3N3OI69  P4N4OI89  or  P5N9OI10  in  ethereal  solution  is  shaken  with 
ammonia  of  sp.  gr.  90,  a  strong  reaction  occurs  at  first,  whereby  a  por- 
tion of  the  chlorine  is  replaced.  On  shaking  two  or  three  hours,  the 
remainder  is  removed.  The  excess  of  ammonia  was  removed  from  the 
aqueous  solution  by  blowing  air  through  and  the  chlorine  precipitated 
by  the  theoretical  amount  of  silver  nitrate.  The  ammonium  salts  of 
the  amides  thus  obtained  were  thrown  down  by  alcohol  as  sirups 
which  can  not  be  hardened  under  absolute  alcohol.  If  these  solutions 
are  precipitated  by  silver  nitrate,  after  adding  a  little  ammonia,  amor- 
phous white  precipitates  of  the  amido  silver  salts  are  obtained,  which 
do  not  show  a  constant  composition.  Analysis  gave  the  following 
atomic  ratios : 

is  :  5  80  :  2.20 
3  :  5,m  \  3!36 
3  :  6.54  :  3.08 

Amido  from  P4N4CI8  —  P  •  N  :  Ag  =  |  ^  ;  |;^  '  \^ 

Amido  from  PaNftClio  — P  :  N  :  Ag=  5  :  10.16  :  2.64 

From  these  figares  it  appears  that  the  amides  are  of  very  varying- 
comi>osition.  As  they  are  amorphous  and  very  unstable,  it  is  unlikely 
that  any  definite  bodies  can  be  obtained  in  this  way.  The  silver  salts 
are  turned  yellow  by  potlussium  hydroxide,  a  portion  of  the  amide 
going  into  solution  and  a  salt  with  a  higher  proi)ortion  of  silver  being 
formed. 


ON  A  HYDROMICA  FROM  NEW  JERSEY. 


By  F.  W.  Clabke  and  N.  H.  Dabton. 


While  studying  the  Juratrias  formation  in  New  Jersey,  one  of  us 
(Darton)  found  in  an  old  ''trap"  quarry  at  Bocky  Hill  a  hydromica, 
which  occurred  under  such  novel  conditions  that  it  appeared  to  be 
worthy  of  investigation.  It  is  found  in  veins  of  calcite,  mainly  as  a 
thin  coating,  and  adjacent  to  the  diabase  of  the  vein  walls.  The  latt^ 
consist  of  more  or  less  decomposed  rock,  of  which  the  principal  product 
is  a  soft,  dark-green  chloritic  material.  In  ]x>rtion8  of  the  vein  the  mica 
extends  down  the  cleavage  planes  into  the  masses  of  calcite.  A  con- 
siderable amount  of  the  calcite  was  thrown  out  during  the  quarrying 
operations,  but  only  a  portion  of  it  is  covered  with  the  mica.  This  por- 
tion presents  the  appearance  of  having  been  coated  with  bronze  paint. 

Thre  mica  occurs  in  minute  flakes  thinly  matted  together.  Its  color 
is  golden  bronze,  although  some  portions  are  slightly  greenish.  The 
mineral  is  soft,  and  thinly  foliated.  Under  the  microscope  it  exhibits 
no  definite  crystalline  form ;  and  its  optical  properties,  although  not 
distinctive,  suggest  biotite.  It  appears  to  be  biaxial,  but  with  a  very 
small  axial  angle,  and  it  is  pleochroic.  When  heated,  it  does  not 
exfoliate.  It  fuses  before  the  blowpipe,  at  a  moderately  high  tempera- 
ture, to  a  dark-colored  bead.  The  specific  gravity  was  not  determined. 
It  is  readily  decomposable  by  hydrochloric  acid.  The  analysis,  by  Mr. 
George  Steiger,  of  material  not  free  from  calcite  is  subjoined.  In  the 
second  column  of  figures  the  reduced  analysis  is  given,  titanic  oxide 
and  calcite  being  thrown  out,  soda  recalculated  to  terms  of  potash, 
and  the  whole  adjusted  to  100  per  cent. 


SiOi 

TiOa 

AI2O3 

FeaOs 

FeO 

CaO 

MgO 

K2O 

NaaO 

COj 

HsOatlOOo.... 
H2O  above  100° 
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Foand. 

Reduced. 

RaticM. 

32.72 

.24 

8.41 

19.99 

4.24 

10.30 

5.51 

.85 

.63 

8.21 

2.47 

6.22 

40.24 

.671 

10.34 

24.57 

5.21 

.101 
.154 
.072 

6.78 
2.20 

.166 
.024 

3.03 
7.63 

.168 
.424 

99.79 

100.00 

CLARKE  ANDl 
DABTON.      J 
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This  gives,  as  an  orthosilicate,  the  formula 

(KH)r«(MgFe).24(AlFe)5,(Si04)«7.    28HaO. 

It  is  evident,  from  these  data,  that  the  mica  is  one  which  has  been 
largely,  but  not  wholly,  altered  to  a  vermiculite;  the  latter  term  indi- 
cating a  mica  in  which  i)otassium  has  been  replaced  by  hydrogen,  and 
which  has  taken  up  water  of  crystallization.  So  far  as  the  analysis 
goes,  the  condition  of  the  water  is  uncertain;  for  it  was  determined  in 
two  fractions  only,  at  and  above  100^,  whereas  more  fractious  are 
needed  for  accurate  diagnosis.  Some  crystalline  water  may  be  retained 
far  above  100^,  so  that  the  loss  above  that  temperature  includes  part  of 
this  fraction  plus  all  the  water  of  constitution.  Apart  from  this  uncer- 
tainty the  ratios  reduce  easily  in  terms  of  the  mica  theory  to  the 
following  molecular  mixture: 

^Si04-=KH,  ■  ^8i04=H,  ^SiO,  =  R''II 

3  Al— Si04  =  Al     -f  6R'"  — Si04  =  R"   +  5  R'''— SiO^  -  R"H  3  aq. 
^Si04=Al  ^8i04=R"'  ^8i04ZiR"n 

Calculating  with  the  atomic  ratios  Al :  Fe'" :  :  2 : 3,  and  Fe" :  Mg  :  :  3 : 7, 
we  have  the  following  comparison  between  analysis  and  theory: 


SiOa 

AlaOa 

Fe^Oa 

FeO 

MgO 

KsO 

H«0,  100^ 

H9O,  above  100^ 


Reduofxl. 

C*Ucalatod. 
40. 55 

40.24 

10.34 

10.51 

24.57 

24.71 

5.21 

5.21 

6.78 

6.75 

2.20 

2.27 

3.03 

a4.34 

7.63 

55.66 

100.00 

100.00 

a  Crystalline. 


b  CoDstitntioiml. 


In  shorty  the  mica  consists  of  muscovitic  and  phlogopitic  molecules  in 
the  ratio  of  9  :  5. 

9R'''3(Si04)3R'3, 

5  R'"  (8i04):.R"«H3,  3  aq. 

The  mineral  is  evidently  an  unusual  mica,  differing  widely  from  any 
other  hitherto  described.  Its  very  high  proportion  of  ferric  oxide  is 
its  chief  characteristic,  and  suggests  a  ferric  muscovite  as  one  of  the 
antecedent,  unaltered  molecules.  Such  a  muscovite  is  theoretically 
conceivable,  but  is  not  actually  known. 


THE  ALKALINE  REACTION  OP  SOME  NATURAL  ^UGATES. 


By  F.  W.  Clarke. 


That  pare  water  exerts  a  distinct  solvent  action  apon  many  natoral 
silicates  has  lung  been  known.  As  far  back  as  1848  the  Rogers  broth- 
ers published  a  series  of  observations  upon  this  subject,^  and  showed 
that  some  species  of  minerals  would  give  an  alkaline  reaction  to  test 
paper.  They  did  not,  however,  give  details  concerning  the  individual 
minerals  thus  investigated.  The  more  recent  researches  of  Daubr^ 
and  of  Cossa  are  well  known. 

By  the  use  of  phenolphthalein  as  an  indicator  the  alkalinity  of  many 
silicates  can  be  demonstrated  with  the  utmost  ease,  and  the  experi- 
ments described  below  serve  to  bring  out  very  clearly  the  relative 
decomposability  of  certain  minerals  and  rocks  by  pure  water.  The 
method  adopted  was  as  follows :  A  series  of  glass-stopi>ered  bottles  was 
placed  against  a  white  background.  In  each  bottle  half  a  gram  of  finely 
pulverized  mineral  was  put,  and  then  50  cubic  centimeters  of  distilled 
water,  containing  a  very  little  alcoholic  phenolphthaleiny  was  added. 
As  the  indicator  was  mixed,  once  for  all,  with  the  total  amount  of  water 
taken  for  the  entire  series,  the  22  samples  examined  were  treated  exactly 
alike.  Two  of  the  bottles  were  filled  with  the  water  and  indicator  in 
blank,  in  order  that  possible  action  upon  the  glass  itself  might  be 
detected  if  it  occurred.  The  two  blanks,  however,  remained  colorless 
during  the  two  weeks  through  which  the  experiments  lasted.  The 
results  obtained  were  as  follows: 

Muscovite. — A  doubtful  trace  of  coloration,  which  soon  disappeared. 

Lepidolite, — Like  muscovite. 

Fhlogopite, — The  peculiar  noufluoriferous  variety  from  Edwards,  New 
York.    Gave  a  very  distinct,  permanent  pink  coloration. 

Orthoclme. — A  trace  of  coloration  which  increased  for  a  few  days  and 
then  faded. 

Oligocluse. — The  transparent  variety  from  Bakers ville.  North  Caro- 
lina.   Distinct  and  permanent,  but  pale  coloration. 

Albite. — From  Amelia  County,  Virginia.  Gave  a  good,  permanent, 
alkaline  reaction. 

Leucite, — A  slight  reaction  at  first,  which  faded  in  a  few  days. 

Nephelite. — The  elaeolite  from  Litchfield,  Maine.  Gtx>d  coloration, 
but  partly  fading  in  time. 


^Am.  Jour.  Sci.,  2nd  series,  Vol.  V,  p.  401. 
1^ 
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Canerinite. — Litchfield,  Maine.  Gives  a  deep  rose  coloration,  which 
is  permanent. 

Sodalite. — ^From  Canada.    A  deep,  permanent  rose  color. 

Spodumene. — ^The  transparent,  yellow  variety  from  Brazil.  A  good 
reaction,  bat  gradually  £EKling. 

Scapolite. — ^The  wemerite  from  St.  Lawrence  County,  New  York. 
Gave  a  fiunt,  evanescent  trace  of  coloration. 

Laumontite. — ^A  donbtfnl  trace  of  coloration. 

Stilbite. — ^Faint,  evanescent  coloration. 

Chdbctzite. — Like  stilbite. 

Seulandite. — Slight  reaction,  bnt  distinct. 

Thamsonite. — Variety  lintonite.  A  fairly  strong  reaction,  fading  in 
time. 

Analcite. — Good  alkaline  reaction. 

Nairolite. — From  Bohemia.    Strong  coloration,  permanent. 

Pectolite, — From  Bergen  Hill.    Gave  a  very  deep  rose  color. 

ApaphyUite. — ^From  Bergen  Hill.    A  very  deep  rose  color. 

In  nearly  every  case  the  reaction  was  obtained  at  once,  showing  a 
more  rapid  action  of  water  upon  the  silicate  tban  had  been  anticipated. 
In  some  instances  fading  is  noted.  This  is  doubtless  due,  iu  general, 
to  the  action  of  light,  but  in  certain  cases  the  colored  solution  separated 
into  two  layers,  the  color  being  wholly  in  the  lower.  Here  the  color 
was  really  held  as  a  coating  upon  the  fine  solid  particles,  and  as  they 
subsided  the  appearance  of  stratification  was  produced.  Toward  the 
end  of  the  experiments  the  mineral  aegirite  was  added  to  the  series. 
This  also  gave  a  strong  alkaline  reaction  and  a  fairly  deep  rose  color. 

A  neat  method  of  demonstrating  the  reactions  described  above  is  the 
following:  Place  a  little  of  the  mineral  to  be  tested  in  a  watch  glass 
upon  a  sheet  of  white  paper.  Add  a  drop  of  alcoholic  phenolphthaleiu 
solution,  and  then  a  few  drops  of  pure  water ;  in  most  cases  the  reaction 
is  given  instantaneously.  Orthoclase  gave  no  coloration,  leucite  a 
trace,  and  scaxK)lite  a  trace;  albite,  nephelite,  and  phlogopite  furnished 
distinct  reactions.  Under  the  same  circumstances  thomsonite,  aegirite, 
natrolite,  cancrinite,  sodalite,  pectolite,  and  apophyllite  gave  immedi- 
ately a  deep,  rich,  rose  color.  The  strongest  alkaline  reactions  seemed 
to  be  given  by  pectolite  and  apophyllite. 

In  general  the  order  of  intensity  of  the  color  produced  was  what 
might  have  been  expected.  Among  the  micas,  muscovite  and  lepi- 
dolite  showed  little  or  no  solubility,  while  phlogopite  was  distinctly 
attacked.  In  nature  the  magnesian  micas  are  far  more  easily  alter- 
able than  muscovite,  a  fact  which  is  reiterated  by  these  experiments. 
Again,  orthoclase  was  slightly  dissolved,  albite  much  more  so,  and 
oligoclase  gave  a  reaction  between  the  two;  that  is,  more  than  the  one, 
less  than  the  other.  In  other  words,  the  plagioclase  feldspars  alter 
more  easily  than  orthoclase,  as  is  apparent  in  the  study  of  the  rocks 
themselves. 
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In  order  to  bring  out  the  latter  point  more  dearly,  a  series  of  rockB 
which  had  been  analyzed  in  the  laboratory  of  the  United  States 
Geological  Survey  was  placed  in  a  row  of  bottles  and  treated,  jnst 
as  the  mineral  species  had  been,  with  water  and  phenolphthalein.  A 
granite  and  an  amphibole-gabbro  gave  no  alkaline  reaction.  A  rhyolite, 
trachyte,  leacite-basalt,  feldspar-basalt,  and  diorite  gave  fisdnt  traces 
of  color.  Oranitite,  gneiss,  phonolite,  diabase,  and  camptonite  yielded 
distinct  alkaline  colorations. 

In  all  of  these  instances  the  production  of  color  is  doubtless  dne  to 
the  solution  from  the  minerad  or  rock  of  alkaline  silicates.  The  note- 
worthy point  is  the  quickness  with  which  the  reaction  can  be  obtained. 
With  minerals  like  cancrinite,  sodalite,  natrolite,  i>ectolite,  luid 
apophyllite,  the  reaction  is  striking  enough  to  be  used  as  a  lecture- 
table  experiment. 


THE  SOLUBILITY  IN  WATER  OP  CERTAIN  NATURAL  SILICATES. 


By  Geobgb  Stbigeb. 


The  results  cited  in  the  preceding  paper  are  purely  qualitative  in 
character.  The  following  experiments  are  analogous  in  kind,  but  are 
aimed  at  putting  the  subject  on  a  quantitative  basis.  In  both  investi- 
gations the  same  samples  of  material  were  employed,  so  that  the  data 
are  fairly  comparable. 

The  work  was  carried  out  as  follows :  One-half  gram  of  each  of  the 
finely  ground  minerals  was  weighed  out,  and  placed  in  a  2-oance 
bottle  with  50  cubic  centimeters  of  water.  These  bottles  were  set  aside 
where  the  temperature  remained  about  70^  P.  for  one  month,  and  were 
skaken  from  time  to  time.  At  the  end  of  the  period  all  were  filtered, 
and  the  solutions  were  titrated  with  a  standard  hydrochloric  acid 
solution,  methyl-orange  being  used  for  an  indicator. 

What  has  gone  into  solution  by  this  treatment  I  can  not  say — some- 
times soda,  sometimes  potash,  possibly  sometimes  lime,  but  for  the 
sake  of  comparison  the  results  in  the  following  table  have  been  calcu- 
lated in  terms  of  Na20j  although  the  percentage  of  sodium  is  very 
small  in  some  of  the  specimens.  I  have  given  also  in  another  column 
the  i^ercentage  of  the  combined  alkalies  as  shown  by  analysis  of  speci- 
mens from  the  same  localities. 


Pectolite,  Bergen  Hill,  N.  J  . . 

MDticovite 

Natrolite,  New  Jersey 

Lintonite,  Lake  Saj^erior 

Phlogopite,  Edwards,  N.  Y. . . 
Laamomte 

Lepidolite,  Maine 

Eheohte,  Litchfield,  Me 

Henlandite,  Nova  Scotia 

Orihoclaee 


Formula. 


Ca2(8i03)3NaH 

AlaCSiOOsKHa 

Al2(Si04)3Na2H4 

Al<;(SiOOo(CaNa3)3.7H20 

Al(Si04)3MgsKH« 

Al28i048i308Ca.4H30 

fKHLiAl3(Si04)3 

lK3Li3(AlFs)3Al(Si308)3 

Al3(Si04)sNa3 

Al«(Si308)6(CaNaa)3.16H20 . . . . 

KAlSiaOg 


Per  oont  of 
combined 

alkalies  by 
analysis. 


1 


I 


9.11 
10.00 
15. 79 
5.92 
9.32 
1.00 

13.00 

21.17 

2.00 

16.00 


Equivalent 

of  NajO  in 

solution. 


0.57 
.32 
.30 
.29 
.22 
.18 

.18 


.16 
.13 

.u\ 


15^ 
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Analoite 

Oligoclase,  BakerHville,  N.  C 

Albite 

Wernerite,    St.  Lawrence) 
County,  N.  Y. 

Leuoite,  Vesavins,  Italy 

Stilbite,  Nova  Scotia 

Chabazite,  Nova  Scotia 


FormiiU. 


NaAl(Si03)«.H80 

rAlNaSiaOn 

lAl,CaSliO« 

AlNaSisO* 

fCa«Al«Si«02!s 

lNa4AliSi«0*4Cl 

KAKSiOa), , 

Al2(Sia08)2(CaNa8).6H80 

Al8Si04Si308(CaNa8).6H20  . . 


Per  cent  of 
o<nnblii6d 

alkaliM  by 
•nmlysis. 


14.00 
}      9.18 

12.10 

I    1L09 

2L99 
LOO 
7.10 


SqtiiTaleiit 

ofKatOin 

•olatioD. 


.10 

.09 

.07 

.07 

.06 
.06 
.05 


It  is  worth  noting  in  comparing  the  depth  of  color  produced  by  phe- 
nolphthalein  solatiou,  as  shown  in  Professor  Clarke's  pax>6r,  with  the 
percentage  of  alkali  in  solution  as  shown  in  this  work,  that  some  of  the 
minerals  which  give  a  deep  coloration  with  the  former,  show  in  the 
above  table  a  comparatively  small  amount  of  alkali  in  solution,  and 
vice  versa.  Muscovite,  for  example,  while  giving  only  a  faint  colora- 
tion with  phenolphthalein,  contains  in  solution  alkaline  compounds 
equivalent  to  0.49  per  cent  K2O;  pectolite,  with  0.57  per  cent  Na^O, 
being  the  only  one  of  the  series  showing  a  larger  amount.  The  cause 
of  these  discrepancies  remains  to  be  ascertained. 
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ANALYSES  OF  ROCKS,  LABORATORY  OF  THE  UNITED  STATES 

GEOLOGICAL  SURVEY,  1880-1899. 


By  F.  W.  Clarke. 


INTRODUCTION. 

The  present  Geological  Survey  of  the  United  States  was  organized 
in  1879.  In  1880  a  chemical  laboratory  was  established  at  Denver,  in 
connection  with  the  Colorado  work,  in  charge  of  Dr.  W.  F.  Hillebrand, 
with  whom  were  associated  Mr.  Antony  Guyard  and,  later,  Mr.  L.  G. 
E^kins.  In  1882  Dr.  W.  H.  Melville  was  placed  in  charge  of  a  second 
laboratory  at  San  Francisco,  and  in  the  autimin  of  1883  the  central 
laboratory  was  started  in  Washington,  with  myself  as  chief  chemist. 
In  November,  1885,  Dr.  HillebrSind  was  transferred  to  Washington; 
early  in  1888  he  was  followed  by  Mr.  Eakins,  and  the  Denver  labora- 
tory^ was  discontinued.  In  the  spring  of  1890  Dr.  Melville  also  was 
ti'ansferred  to  Washington,  and  since  then  the  chemical  work  of  the 
Survey  has  been  concentrated  at  headquarters. 

Up  to  January  1,  1900,  nearly  4,400  analyses  have  been  made  in  the 
laboratory  at  Washington.  These  represent  rocks,  minerals,  ores, 
waters,  sediments,  coals,  metab,  and  so  on  through  all  the  range  of 
substances  with  which  geology  has  to  do.  There  were  also  some  hun^ 
dreds  of  analyses  made  in  the  laboratories  at  Denver  and  San  Francisco. 
A  fair  amount  of  research  work  upon  mineralogical  and  analytical 
problems  has  also  been  done.  In  all  of  this  work  the  following  chem- 
ists have  been  employed:  Charles C!atlett,T.  M.  Chatard,  F.  W.  Clarke, 
L.  G.  Eakins,  F.  A.  Gooch,  Antony  Guyard,  W.  F.  Hillebrand,  W.  H. 
Melville,  R.  B.  Riggs,  E.  A.  Schneider,  George  Steiger,-H.  N.  Stokes, 
William  Valentine,  and  J.  E.  Whitfield.  As  many  as  eight  of  these 
have  been  at  work  simultaneously;  at  present  only  four  are  connected 
with  the  Survey.  Other  officers  of  the  Survey  have  been  occupied 
more  or  less  with  chemical  questions;  but  the  men  named  in  this  list 
were  connected  directly  with  the  laboratory.  Some  work  for  the 
chemical  division  has  also  been  done  by  chemists  not  regularly  on  the 
rolls  of  the  Survey;  but  their  analyses,  with  the  exception  of  a  single 
group  to  be  noted  later,  do  not  fall  within  the  scope  of  this  paper. 

Quite  naturally,  on  account  of  the  activity  of  the  petrographers,  the 
dominant  feature  of  the  laboratory  work  has  been  the  analysis  of  rocks. 
These  have  been  studied  in  great  numbers  and  in  the  most  thorough 
way.     The  results  have  appeared  in  widely  scattered  publicatiow^^ 
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official  reports,  monographs,  bulletins,  American  and  foreign  journals, 
and  so  on.  The  object  of  this  bulletin  is  to  bring  together  this  valu- 
able material,  together  with  such  bibliographic  and  petrographic  data 
as  seem.s  to  be  necessary  in  order  to  identify  the  specimens  and  to  facili- 
tate chemical  discussion.  Analyses  of  minerals  have  been  included 
only  when  related  to  petrographic  studies,  appearing  then  in  connec- 
tion with  the  rocks  to  which  they  belong.  Meteorites,  of  which 
twenty-seven  have  been  analyzed,  are  brought  into  the  work  on  account 
of  their  petrographic  relations;  and  the  groups  of  clays  and  soils  have 
been  admitted  because  of  the  bearing  of  these  substances  upon  the 
study  of  slates  and  shales.  The  actual  number  of  analyses  given  in 
the  bulletin  is  as  follows: 

Igneous  and  crystalline  rocks 854 

Mineral  separations 90 

Meteorites,  and  separations  from  them 58 

Sandstones,  cherts,  and  sinters 48 

Carbonate  rocks 208 

Slates  and  shales 48             • 

Clays,  soils,  etc 98 

Total 1,404 

It  may  be  observed  that  the  classification  thus  indicated  has  not  been 
rigorously  followed.  In  a  few  instances  the  study  of  a  sedimentary 
rock  has  been  so  related  to  that  of  its  igneous  neighbors  thkt  the  analyses 
are  best  tabulated  together;  but  these  exceptional  cases  are  few,  and 
all  are  properly  noted.  The  heading  "igneous  and  crystalline  rocks" 
has  been  used  in  the  broadest  and  most  liberal  way,  and  doubtless 
many  of  the  analyses  given  under  it  might  properly  be  otherwise 
classified.  In  such  cases  of  uncertainty,  convenience  has  furnished 
the  rule  to  follow. 

Within  each  division  of  the  analyses  the  classification  chosen  has 
been  geographic.  The  petrograpliic  grouping  of  the  rocks  would 
doubtless  be  best  were  petrographers  agreed  upofc  it;  but  their  dif- 
ferences are  many,  and  the  chemist  will  do  well  to  avoid  them.  The 
geographic  method,  moreover,  has  some  advantages  of  its  own;  it 
facilitates  the  study  of  areas,  it  simplifies  the  bibliographic  references, 
and  it  brings  together,  in  great  measure,  the  work  of  each  petrog- 
rapher  for  whom  analyses  have  been  made.  Thus,  most  of  Diller's 
work  has  been  in  California,  most  of  Cross's  in  Colorado,  and  most 
of  Iddings's  in  the  Yellowstone  National  Park,  and  in  each  case  the 
analyses  are  massed,  and  their  discussion  is  practically  uniform  in 
character.  As  regards  nomenclature,  each  rock  has  received  the  desig- 
nation given  it  by  its  describer,  and  no  liberties  have  been  taken. 
This  plan  may  cause  some  lack  of  uniformity;  but  no  other  procedure 
seemed  to  be  practicable. 

It  will  be  noticed  by  anyone  who  uses  this  bulletin  that  the  analyses 
^'ary  as  regards  completeness.     Among  the  sedimentary  rocks,  espe- 
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cially,  partial  analyses  are  common;  but  in  the  igneous  group  thorough- 
ness is  more  general.  In  the  early  days  of  the  chemical  division  many 
analyses  were  made  along  the  older  lines,  just  as  they  are  still  made  in 
many  laboratories  to-day — that  is,  only  the  main  constituents,  those 
having  direct  petrographic  significance,  were  determined.  In  such 
analyses  the  minor  ingredients,  like  titanium,  phosphorus,  barium, 
strontium,  chlorine,  etc.,  were  ignored;  and,  although  the  results  are 
satisfactory  in  some  respects,  they  leave  much  to  be  desired.  Latterly, 
greater  completeness  has  been  sought  for,  the  work  done  has  been 
much  fuller,  and  th^  data  obtained  can  be  discussed  with  much  higher 
approaches  to  accuracy.  The  old  form  of  ''complete  analysis "  is  to  be 
discouraged;  it  leads  too  often  to  erroneous  conclusions;  and  only  the 
best  modern  methods  6f  work  and  of  statement  should  be  tolerated. 
The  fuller  analyses,  moreover,  have  brought  some  interesting  points  to 
light;  titanium  now  appears  to  be  one  of  the  more  abundant  elements, 
and  barium  and  stronttimi  are-found  to  be  almost  universally  diffused 
in  igneous  rocks  in  quite  perceptible  quantities. 

On  general  principles  the  analysis  of  a  rock  and  its  petrographic 
description  should  be  two  parts  of  the  same  investigation,  matching 
each  other  completely.  In  practice,  however,  this  rule  does  not  always 
hold,  and  the  departures  from  it  are  in  two  opposite  directions.  For 
example,  an  analysis  of  the  older  type  says  nothing  of  titanium  and 
phosphorus,  while  the  microscope  reveals  the  presence  of  sphene  and 
apatite.  In  this  case  the  petrographer  has  been  more  thorough  than 
the  chemist.  On  the  other  hand,  a  full  and  perfect  analysis  may  be 
given,  accompanied  by  a  petrographic  description  of  the  most  general 
kind,  in  which  only  the  main  mineral  constituents  of  the  rock  are 
noted.  Here  the  analysis  has  been  incompletely  used,  and  the  petro- 
graphic discussion  is  defective.  It  is  hoped  that  the  publication  of 
this  material  may  lead  to  a  clearer  recognition  of  the  mutuality  which 
should  exist  between  the  chemical  and  the  microscopic  researches,  and 
so  bring,  in  the  future,  both  lines  of  investigation  more  into  harmony. 
Hitherto  the  chemist  and  the  petrographer  have  worked  too  much 
apart,  and  each  has  too  often  misunderstood  the  purpose  of  the  other. 
If  the  study  of  the  thin  section  could  always  precede  the  analysis,  the 
petrographic  problems  could  be  stated  more  clearly,  and  the  chemical 
evidence  might  be  rendered  much  more  pertinent  and  satisfactory. 

In  a  paper  published  some  years  ago,^  on  the  relative  abundance  of 
the  chemical  elements,  I  computed  the  average  composition  of  the 
primitive  crust  of  the  earth  from  880  analyses  of  eruptive  and  crystal- 
line rocks.  Of  these  analyses  only  207  were  from  the  laboratories  of  the 
survey,  while  673  were  collected  from  various  other  American  and  for- 
eign sources.  A  large  proportion  of  them  were  incomplete,  regarded 
from  a  modem  point  of  view,  and  yet  the  results  obtained  were  fairly 
conclusive.     The  material  now  available  for  similar  discussion  is  much 


^Bull  U.  8.  Qeol  Survey  No.  79, 1891,  p.  84. 
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better  than  that  which  was  formerly  used,  and  an  average  based  upon 
it  may  not  be  out  of  place  here. 

In  the  bulletin  now  presented  there  are  830  complete  analyses  of 
rocks  which  are  suitable  for  my  purpose.  I  have  also  taken  from  the 
partial  analyses  given  in  the  laboratory  records  180  additional  deter- 
minations of  silica,  90  of  lime,  and  130  of  alkalies.  In  490  of  the  analyses 
there  is  discrimination  between  the  water  lost  below  110^  and  that 
which  isessential  to  the  composition  of  the  rocks;  and  this  amounts  to 
0.40  per  cent.  Omitting  this  water,  the  average  found  may  fairly 
represent  the  composition  of  the  older  crust  of  th^  earth,  as  deduced 
from  a  mass  of  data  which  are  reasonably  uniform  in  character  and 
entitled  to  a  high  degree  of  credence.  The  mean  for  the  more  impor- 
tant constituents  is  as  follows,  with  the  old  average  given  in  a  parallel 
column  for  comparison: 


SiO^.. 

AlA- 
Fe^Os 
FeO.. 
CaO.. 
MgO. 
Kfi.. 
Na,0. 
H,0.. 


TiOj. 
PA 


New  mean. 

59.71 

15.41 

2.63 

3.52 

4.90 

4.36 

2.80 

3.55 

1.52 

.60 

.22 


99.22 


Old  mean. 

58.59 

15.04 

3.94 

3.48 

5.29 

4.49 

2.90 

3.20 

f/1.96 

.55 

99 


99.66 


a  Including  hygroscopic  water ;  probably  0.40  per  cent. 
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If  we  reduce  these  figures  to  elementary  form  and  include  the 
minor  constituents  which  are  frequently  found  in  rocks,  and  which  in 
this  laboratory  are  often  estimated,  the  two  averages  compare  as 
follows: 


New  mean. 

Old  mean. 

Oxvfiren 

47.02 

'   28.06 

8.16 

4.64 

3.50 

2.62 

2.63 

2.32 

.41 

.17 

.12 

.09 

.07 

.07 

.05 

.02 

.0! 

.01 

.01 

.01 

.01 

47.29 

27.21 

7.81 

5.46 

3.77 

2.68 

2.36 

2.40 

.33 

.21 

.22 

.10 

.08 

.03 

.03 

Silicon 

AliiTniniifTi ,, 

Iron 

Calcium 

Magnp«i!ini , _ 

Sodium 

lpi»ta»»inTn 

Titnnium ,    .... 

Hydrogen 

Carbon 

Phosphorus 

^langanese 

Sulphur 

1     Barium 

Strontium 

Chromium 

.01 

Nickel 

Lithium 

• 
Chlorine 

.01 

Fluorine.  .* 

100.00 

100.00 

As  the  old  mean  represents  an  attempt  to  measure  the  composition 
of  the  entire  solid  crust  of  the  earth,  and  so  includes  an  allowance  for 
the  carbon  in  the  limestones,  the  two  columns  are  not  strictly  compa 
rable.  They  are,  however,  corroborative  of  each  other,  and  show  that 
within  reasonable  limits  the  statistical  method  is  applicable  to  the 
problem  under  consideration.  For  the  arguments  upon  which  the 
discussion  is  based  the  original  paper  should  be  consulted.  The  dis- 
tribution of  the  rarer  elements  has  also  been  elaborately  discussed 
by  Vogt,^  and  their  percentages  may  be  regarded  as  small  corrections 
to  be  applied  to  the  table  at  some  future  time. 

By  a  similar  statistical  process  I  have  attempted  to  ascertain  some- 
thing with  regard  to  the  relative  abundance  of  the  more  important 
rock-forming  minerals.     Nearly  500  analyses  of  igneous  rocks  were 


iZeitsch.  rmkt.  Geologle,  1898,  pp.  225, 314, 877, 413;  and  1899,  pp.  10,274. 
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discussed,  and  the  subjoined  percentages,  which  are  probably  nothing 
more  than  rough  approximations  to  the  truth,  were  obtained: 

Quartz 12.0 

Feldspars.. , SO.O 

Pyroxenes  and  amphiboles 18. 0 

Micas 4.0 

94.0 

The  less  frequent  minerals  make  up  the  remaining  6  per  cent.  The 
computation,  although  it  is  by  no  means  conclusive,  is  perhaps  a  little 
more  satisfactory  than  any  similar  estimate  which  has  so  far  been 
made. 

For  computing  the  average  composition  of  the  sedimentary  rocks 
the  existing  analyses  of  individual  samples  are  inadequate.  They  are 
too  few  and  too  incomplete  to  yield  any  conclusions  of  ipilue. 
Attempts  have  been  made  to  partly  use  the  data^  as,  for  example,  by 
Joly;*  and  it  seems  probable,  therefore,  that  better  material  will  not 
be  without  interest  or  scientific  value. 

Some  five  years  ago,  at  the  request  of  Mr.  G.  K.  Gilbert,  a  series  of 
composite  analyses  of  sedimentary  rocks  was  made  in  this  laboratory. 
Man}'^  samples  were  mixed  into  one  uniform  sample,  from  which,  by  a 
single  analysis,  an  average  composition  was  determined.  The  mate- 
rial was  selected  and  the  samples  were  prepared  by  Mr.  Gilbert,  assisted 
by  Mr.  G.  W.  Stose,  and  the  analyses  were  made  by  Dr.  H.  N.  Stokes. 
The  data  obtained  may  be  tabulated  as  follows: 

A.  Composite  analysis  of  27  Mesozoic  and  Cenozoic  shales.     Each  individual  shale 

was  taken  in  amount  roughly  proportional  to  the  mass  of  the  formation  which 
it  represented. 

B.  Composite  analysis  of  51  Paleozoic  shales,  weighted  as  in  the  former  case. 

C.  General  average  of  A  and  B,  giving  them,  respectively,  weights  as  3  to  5.    This 

average  represents  78  rocks, 

D.  Composite  analysis  of  253  sandstones,  about  one  gramme  of  each  being  taken  in 

preparing  the  average  sample. 

E.  Composite  analysis  of  371  sandstones  used  for  building  purposes.     Equal  weights 

taken. 

F.  Composite  analysis  of  345  limestones,  equal  weights  being  taken. 

G.  Composite  analysis  of  498  limestones  used  for  building  purposes,  equal  weights 

taken. 

1  An  estimate  of  the  geological  age  of  the  earth:  Sci.  Trans.  Royal  Dublin  Soc.,  vol.  7,  p.  23, 1S99. 
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SiO, 

TiO, 

AlA 

FeA 

FeO 

MnO 

CaO 

SrO 

BaO 

MgO 

K,0 

Na,0 

Li,0 

H,OatllO*» 

H,0  above  110°  . 

P,0, 

CO, 

S 


B. 


55.43 

.46 

13.84 

4.00 

1.74 

trace 

5.96 

none 

.06 

2.67 

2.67 

1.80 

trace 

2.11 

3.45 

.20 

4.62 


8O3  ..... 
a 

Carbon  h. 


.78 


.69 


100.48 


60.15 

.76 
16.45 
4.04 
2.90 
trace 
1.41 
none 

.04 
2.32 
3.60 
1.01 
trace 

.89 
3.82 

.15 
1.46 


.58 


.88 


100.46 


c. 


58.38 
.65 

15.47 
4.03 
2.46 

trace 
3.12 

none 

.05 

2.45 

3.25 

1.31 

trace 

1.34 

3.68 

.17 

2.61 


65 


81 


100.46 


D. 


E. 


78.66 

.25 
4.7a 
1.08 

.30 
trace 
5.52 
trace 

.05 
1.17 
1.32 

.45 
trace 

.31 
'/1. 33 

.08 
5.04 


.07 
trace 


84.86 

.41 
5.96 
1.39 

.84 

trace 

1.05 

none 

.01 

.52 
1.16 

.76 
trace 

.27 
a  1.47 

.06 
1.01 


.09 
trace 


5.19 

.06 

.81 

.54 

undet. 

.05 

42.61 

none 

none 

7.90 

.33 

.05 

trace 

.21 

a.  56 

.04 

41.58 

.09 

.05 

.02 


G. 


14.09 

.08 

1.75 

.77 

undet. 
.03 

40.60 

none 

none 

4.49 

.58 

.62 

trace 

.30 

ri.88 

.42 

35.58 
.07 
.07 
.01 


100.41 


99.86 


100.09 


100.34 


a  Includes  organic  matter. 


b  Of  organic  origin. 


These  analyses  may  be  used  for  a  variety  of  purposes.  For  example, 
bhey  can  help  in  tracing  the  change  from  an  average  igneous  rock  to 
%n  average  sediment.  They  suggest  something  as  to  the  characteristic 
Features  which  distinguish  a  good  building  stone  from  other  limestones 
»nd  sandstones.  They  are  applicable  to  the  discussion  of  a  variety  of 
Large  theoretical  problems,  like  that  chosen  by  Professor  Joly .  These 
considerations  alone  justify  their  publication  here. 

In  the  former  edition  of  this  bulletin  (No.  148)  a  chapter  upon 
sinalytical  methods,  by  Dr.  W.  F.  Hillebrand,  was  included.  For  that 
chapter  there  has  been  a  large  separate  demand,  and  for  that  reason 
it  will  be  expanded  into  a  work  of  greater  detail  and  issued  as  a 
distinct  bidletin.  It  will  be  noticed  that  to  Dr.  Hillebrand  many  of 
the  best  analyses  in  this  compilation  are  due,  and  a  full  statement 
of  methods,  embodying  his  experience,  will  be  of  the  utmost  value. 

During  the  preparation  of  this  bulletin  much  assistance  was  rendered 
by  the  petrographers  and  geologists  connected  with  the  Survey,  espe- 
cially with  reference  to  analyses  hitherto  unpublished.  In  each  case 
credit  has  been  given  for  the  data  thus  added.  Twenty-eight  analyses 
BuU-  168 2 
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of  rocks  from  Montana,  executed  by  or  under  the  direction  of  Prof. 
L.  V.  Pirsson,  of  Yale  University,  and  having  been  made  in  connection 
with  regular  Survey  work,  are  included  in  the  tabulations.  With  this 
exception  all  of  the  analyses  given  were  made  in  the  Survey  labora- 
tories. To  those  executed  in  the  laboratory  at  Washington  *'  record 
numbers"  are  attached,  which  serve  to  identify  them  on  the -record 
books  of  the  Division  gf  Chemistry.  Of  the  abbreviations  used  for 
bibliographic  reference  only  three  need  explanation,  and  they  refer  to 
the  official  publications  of  the  Survey.  ''Ann."  for  Annual  Report, 
"Mon."  for  Monograph,  and  "Bull."  for  Bulletin  are  the  three  in 
question.  The  others  relate  to  well-known  journals,  and  are  familiar 
to  all  geologists.  The  letters  P.  R.  C,  following  the  description  of  a 
rock,  refer  to  the  Petrographic  Reference  Collection  of  the  Survey, 
and  are  followed  by  the  number  assigned  to  the  rock  in  that  series. 


ANALYSES. 

IGNEOUS  ANT)  CRYSTAIililNE  ROCKS. 

MAINE. 

1.  BOCKS  FROM  AROOSTOOK  COUNTY. 

Described  by  H.  E.  Gregory  in  Bull.  165.  Analyses  by  W.  F. 
Hillebrand,  record  No.  1795. 

A.  Quartz-trachyte  (bostonite),  Quoggy  Joe  Mountain,  Presque  Isle 
Township.  Contains  quartz,  orthoclase,  albite,  and  magnetite,  with 
siderite,  kaolin,  and  chlorite. 

B.  Teschenite,  Mapleton  Township.  In  dikes  cutting  shales.  Con- 
tains andesine,  augite,  biotite,  apatite,  analcite,  and  magnetite. 

C.  Andesite,  E^dmunds  Hill,  Chapman  Township.  Contains  labra- 
dorite,  orthoclase,  pyroxene,  apatite,  and  magnetite. 

D.  Calcif  erous  sandstone.  New  Sweden  Township.  Contains  calcite, 
alkali,  feldspar,  quartz,  magnetite,  muscovite,  and  siderite.  Included 
here  because  studied  as  one  of  the  group. 


RiO, 

AlA 

Fe,0, 

FeO 

MgO.. 

CaO 

Na,0 

K,0 

HjOatlOS**.... 
H,0  above  105** 
TiO, 

PA 

ZrO, 

CrA 

VA 

FeS, 

NiO 

MnO.... 

SrO 

BaO 

(X), 


B. 


72.77 

12.15 

.44 

3.06 
.22 
.07 

3.38 

4.67 
.17 
..56 
.20 

trace 
.04 

none 

(?) 
.12 

none 

.16 

none 

■    .03 

2.06 


100.09 


46.77 

14.91 

7.80 

4.90 

"2.94 

6.30 

4.97 

2.37 

.92 

4.28 

2.31 

.98 

none 

none 

.02 

.07 

trace 

.29 

.03 

.04 

trace? 


99.90 


c. 

D. 

61.40 

54.23 

16.59 

7.38 

2.13 

.54 

3.05 

1.37 

2.73 

3.29 

6.17 

14.56 

3.83 

1.65 

1.34 

1.74 

.82 

.25 

.88 

1.22 

.79 

.28 

.20 

.07 

none 

(?) 

trace 

(?) 

.02 

(?) 

none 

(?) 

trace 

none 

.13 

undet. 

trace? 

none 

.02 

none 

nbne 

13.48 

100.10 

100.06 

Traces  of  lithia  present  in  all.     F  and  CI  not  looked  for. 
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E.  Diabase  (basaltic  glass),  Mars  Hill.    Not  resolvable  into  minerals. 

F.  Rhyolite,  Haystack  Mountain.  Contains  quartz  in  a  gfroundmass 
of  orthoclase. 

6.  Volcanic  tuff,  southeast  base  of  Castle  Hill.  Contains  fragments 
of  trachyte,  andesite,  devitrified  glass,  and  lapilli. 

H..  Diabase,  Aroostook  Falls,  near  Maine  boundary  line.  Dike. 
Contains  plagioclase,  pyroxene,  and  pyrite. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oatl05°.... 
HjO  above  ia5« 
TiO, 

PA 

ZrO, 

CrA 

VA 

FeS, 

NiO 

MnO 

SiO 

BaO 

CO, 


E. 

F. 

Q. 

42.25 

75.98 

31.42 

16.87 

12.34 

11.57 

5.24 

.85 

2.37 

10.72 

.93 

7.48 

6.91 

.15 

5.32 

3.33 

.13 

16.71 

3.96 

4.02 

2.26 

.77 

4.44 

.74 

.43 

.24 

.76 

5.68 

.64 

4.17 

2.93 

.17 

2.30 

.34 

.03 

.46 

none 

.03 

none 

.03 

(?) 

trace 

.07 

(?) 

.06 

trace 

none 

.16 

.01 

none 

trace 

.40 

trace? 

.38 

none 

trace? 

none 

trace? 

.07 

.64 

none 

none 

13.13 

99.84 

100.02 

99.93 

49.64 

15.07 

1.66 

8.82 

5.43 

7.23 

4.19 

.89 

.45 

2.81 

2.32 

.29 

none 

trace 

.04 

.79 

trace 

.25 

.05 

.02 

.32 


100.27 


Traces  of  lithia  present  in  all.     CI  and  F  not  looked  for. 
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2.    LITCHFIELDITE  AND  ASSOCIATED  MINERAI^. 

A.  ElBBolite-syenite,  var.  litchfieldite,  from  Litchfield.  Described  by 
ayley  in  Bull.  150,  p.  201 ;  and  in  Bull.  Geol.  Soc.  Amer. ,  vol.  3,  p.  231. 
bntains  elseolite,  two  feldspars,  and  lepidomelane,  with  sodalite,  can- 
rinite,  and  zircon  as  accessories.  Analysis  by  L.  G.  Eakins,  record 
o.  1298.     P.  R.  C.  77. 

B.  Albite  from  A.     Sp.  gr.  2.622. 

C.  Potash  feldspar  from  A.  Sp.  gr.  2.56.  Analyses  B  and  C  by 
V.  H.  MelvUle,  record  No.  1275.     P.  R.  C.  77. 


SiO, 

MOs 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0 

MnO 


A. 

B. 

60.39 

68.28 

22.57 

19.62 

.42 
2.26 

.23 

.13 

.09 

.32 

.31 

8.44 

10.81 

4.77 

.39 

.57 

.09 

.08 

99.95 

99.82 

65.14 
18.19 


.25 
.16 
.33 
1.68 
14.14 
.17 


100.06 


The  minerals  found  in  this  rock  were  quite  fully  described  by  Clarke 
Q  Bull.  42,  pp.  28-38.    Analyses  by  F.  W.  Clarke. 

D.  ElfiBolite,  dark  gray. 

E.  Hydronephelite. 

F.  Lepidomelane.     Contains  no  fluorine. 


SiO,.. 

AlA- 
Fe,0,. 

FeO.. 

MgO. 

CaO.. 

Na,0. 

K,0.. 

H,0.. 

MnO. 


D. 


43.74 
34.48 


trace 

trace 

16.62 

4.55 

.86 

100.25 


E. 


38.99 
33.62 


.07 

13.07 

1.12 

12.98 

99.85 


F. 


32.09 
18.52 
19.49 
14.10 
1.01 


1.55 
8.12 
4.62 
1.42 

100.92 
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G.  Sodalitc,  deep  blue.     P.  R.  C.  77. 

H.  Cancrinite,  bright  orange  3'ellow.     P.  R.  C.  77. 

I.  Cancrinite,  pale  yellow,  oleavable. 

J.  Cancrinite,  pale  yellow,  granular. 


<;. 

H. 

36.29 
30.12 
trace 

I. 

35.83 
29.45 
trace 

J. 

SiO- 

37.  'S:i 
31.87 

37.22 

28.32 

trace 

.07 

4.40 

19. 43 

.18 

3.86 

trace 

6.22 

• 

ALOs : 

Fe-0. 

^«   5  .----•...•....-..- ...... 

MeO 

CaO 

4.27 

19.56 

.18 

2.98 
trace 

6.96 

5.12 

19.33 

.09 

3.79 

trace 

6.50 



Na,0 

24. 56 

.10 

1.07 

K.O 

H.O 

1     »«jj>^ .......................... 

MnO 

CO, 

■^•■v^j     .......................... 

CI 

6.83 

101.  76 
1.54 

0=C1 

1 

100.36 

100.11 

99.70 

100.22 
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NEW  HAMPSHIRE. 

A.  Elseolite-syenite,  Red  Hill,  Moultonboro.  Described  by  Bayley 
in  Bull.  Geol.  Soc.  Amer,,  vol.  3,  p.  231.  Contains  elseolite,  augite, 
hornblende,  biotite,  sodalite,  albite,  and  orthoclase,  with  accessory 
apatite,  sphene,  magnetite,  and  an  occasional  zircon.  Fibrous  decom- 
position products  are  also  present.     P.  R.  C.  203. 

B.  Mixed  albite  and  orthoclase  from  A. 

C.  Nepheline  (el»olite)  from  A.  Analyses  by  W.  F.  Hillebrand, 
record  No.  1321.  The  mixed  nepheline  and  feldspar  were  treated  with 
dilute  hydrochloric  acid,  and  the  residue  was  extracted  with  sodium 
carbonate  solution.     C  represents  the  soluble  part,  and  B  the  insoluble. 

D.  Camptonite,  Campton  Falls.  Analysis  by  L.  G.  Eakins,  record 
No.  1298.  Described  by  J.  P.  Iddings  in  Bull.  150,  p.  239.  Contains 
hornblende,  plagioclase,  orthoclase,  augite,  iron  ore,  biotite,  apatite, 
pyrite,  a^d  a  mineral  which  appears  to  be  analcite.  Also  variable 
calcite,  serpentine,  and  chlorite      P.  R.  C.  92. 

E.  Quartz-porphyry,  Pemigewasset.    Analysis  by  Eakins,  No.  1298. 


A. 

B* 

c. 

D. 

E. 

.SiO, 

59.01 

18.18 

1.63 

3.65 

1.05 

2.40 

7.03 

5.34 

.15 

.50 

.81 

trace 

.03 

trace 

.08 

trace 

.12 

66.85 
19.50 

}        .13 

trace 

.11 

7.44 

5.80 

45.31 
32.67 

38.45 
19.68 
4.01 
11.15 
6.65 
9.37 
2.77 
1.72 

}      1.49 

65.02 

Al-0, 

17.93 

Z      3" -------------- 

Fe,0, 

4.69    ' 

^2      3     .•-»•-»»«-«--- 

FeO 

.17 
1.24 
1.34 

MffO 

.16 

2.00 

12.60 

5.70 

CaO 

Na-0 

1 
3.04     ' 

K.O 

5.98     . 

HjOat  100° 

1         .86 

H,0  above'lOO^ 

TiO, 

.31 

1.56 

P.O. 

x^-'a    --------------- 

MnO 

trace 

.11 

SrO 

BaO 

.07 
none 

Ufi 

CO, 

4.82 

99.98 

100.21 

100.00 

100.11 

100.38 
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VERMONT. 
1.    ROCKS  OP  MOUNT  A8CUTNEY. 

Analyses  by  W.  F.  Hillebmnd,  record  Nos.  1621,  1657.  Samples 
received  from  T.  A.  Jaggar,  jr.  Petrographid  data  furnished  by 
R.  A.  Daly. 

A.  Typical  granitite.  (Dontains  quartz,  orthoclase,  plagioi'^Iase 
(microporthite),  biotite,  magnetite,  sphene,  apatite,  and  zircon. 

B.  Basic  segregatioti  in  granitite.  Contains  biotite,  horabiende, 
quartz,  plagioclase,  microperthite,  much  sphene  and  apatite,  some 
magnetite  and  zircon. 

C.  Another  sample  of  B. 

D.  Syenite.  CJontains  hornblende,  augite,  orthoclase,  microperthite, 
plagioclase,  biotite,  quartz,  magnetite,  sphene,  apatite,  and  zircon. 

E.  Basic  segregation  in  syenite.  Contains  hornblende,  augite, 
microperthite,  orthoclase,  plagioclase,  quartz,  magnetite,  zircon,  and 
apatite. 

F.  Syenite-porphyry.  Contains  orthoclase,  quartz,  nornoiende, 
magnetite,  apatite,  and  zircon. 


B. 


C. 


SiO, 


AlA- 

FeO.. 
MgO. 
CaO . . 


Na,0 


K.0 , 

H,OatllO°... 
H,OabovelOO°j 

TiO, 

Vfi, 

ZrO, 

MnO 

(NiCo)  O  . . . . 

BaO 

CO, 

F 

CI 

FeS, 


LeesO. 


71.90 

14.12 

1.20 

.86 

.33 

1.13 

4.52 

4.81 

.18 

.42 

.35 

.11 

.04 

.05 

none 

.04 

.21 

.06 

.02 

trace 


100.35 
.03 


100.32 


56.01 

«15. 19 

2.34 

4.89 

4.67 

4.85 

5.66 

2.16 

.36 

.90 

1.13 

.53 


.40 
.03 

trace? 

undet. 

undet. 

undet. 
.09 


99.21 


D. 


59.27 

15.76 

2.07 

3.57 

3.04 

3.69 

5.63 

3.33 

.23 

.74 

1.12 

.42 

.04 

.37 

trace 

trace? 

.30 

.42 

.03 

.07 


65.43 
16.11 
1.15 
2.85 
.40 
1.49 
5.00 


E. 


56.51 
16.59 
1.35 
6.59 
2.52 
4.96 
5.15 


100.10 
.19 


99.91 


5.97 

3.05 

.19 

.21 

.39 

.71- 

.50 

1.20 

.13 

.41 

.11 

.04 

.23 

.24 

(?) 

trace? 

.03 

.03 

trace? 

.33 

.08 

.24 

.05 

.07 

.07 

.06 

100.18 

100.26 

.04 

.11 

100.14 

100.15 

100. 


99. 


a  Including  'Lii\. 
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G.  Syenite-porphyry.  Contains  orthoclase,  plagioclase,  microper- 
thite,  hornblende;  quartz,  augite,  magnetite,  biotite,  apatite,  and  zircon. 

H.  Granite-porphyry.     Composition  like  D,  but  with  more  quartz. 

I.  Basic  segregation  in  H.  Contains  hornblende,  green  and  brown 
augite,  biotite,  quartz,  microperthite,  magnetite,  little  apatite,  and 
zircon. 

J.  Diorite.  Contains  hornblende,  augite,  biotite,  plagioclase,  titan- 
iferous  magnetite,  sphene,  zircon,  and  quartz. 

K.  Diorite.     Composition  like  J. 

L.  Another  sample  of  K. 


SiO, 

AljO, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°... 
H,0  above  110^ 
TiO, 

I'A 

ZrO, 

MnO 

(NiCo)() 

BaO 

CX), 

F 

CI 

FeS, 


G. 


Let«0. 


64.88 

16.24 

1.37 

2.70 

.89 

1.92 

5.00 

5.61 

.19 

.46 

.69 

.13 

.13 

.14 

none 

.06 

none 

.08 

.04 

none 

100.53 
.04 


100.49 


H. 


73.69 

12.46 

1.21 

1.75 

.17 

.36 

4.47 

4.92 

.14 

.24 

.28 

.04 

.14 

.15 

none 

none 

trace 

.05 

.02 

none 


100.09 
.02 


100.07 


I. 

J. 

56.53 

52.12 

16.47 

16.35 

1.58 

3.68 

5.40 

6.02 

2.67 

4.14 

4.90 

7.25 

5.59 

3.65 

3.80 

2.34 

.23 

.25 

.60 

.88 

1.40 

2.10 

.27 

.89 

.03 

.02 

.20 

.17 

trace 

trace 

trac« 

.04 

.05 

.07 

.19 

.03 

.07 

.09 

trace 

.24 

99.98 

100.33 

.09 

.03 

99.89 

100.30 

K. 


57.97 

«17.28 

2.23 

3.75 

2.20 

4.33 

4.31 

4.12 

.18 

.57 

1.54 

.64 


.15 
trace 
.07? 
.05 
.64 
undet. 
.32 

99.75 
.02 


99.73 


L. 


64.62 

16.46 

1.82 

2.14 

1.10 

2.39 

4.57 

5.21 

.13 

.39 

.81 

.21 

.03 

.12 

none 

.03 

.11 

undet. 

.05 

.19 


100.38 
.01 


100.37 


a  Including  ZrOs. 
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M.  Basic  segregation  in  diorite.  Contains  hornblende,  angite,  bio- 
tite,  plagioclase,  magnetite,  apatite,  zircon,  and  a  little  quartz. 

N.  Diabase.  .  Contains  plagioclase,  aiigite,  and  magnetite. 

O.  Camptonite.  Contains  brown  hornblende,  plagioclase,  a  little 
augite,  olivine,  magnetite,  and  apatite. 

P.  Phyllite.  Contains  quartz,  sericite,  graphite },  magnetite,  pyrite, 
rare  orthoclase,  plagioclase,  sphene,  and  rutile. 

Q.  Microperthite-hornfels.  Contains  biotite,  quartz,  re(}  garnet, 
corundum,  magnetite,  iolite,  microperthite,  and  rarely  pleonaste. 

R.  Cordierite-homfels.  Contains  quartz,  biotite,  pleonaste,  corun- 
dum, iolite,  magnetite,  plagioclase,  red  garnet,  and  epidote?. 


M. 

N. 

0. 

P. 

Q. 

R. 

SiO, 

55.28 
17.23 
1.54 
6.23 
2.69 
5.60 
5.42 
2.12 

.20 

.71 
1.64 

.73 
trace 

.24 

(?) 
.06 

.04 

49.63 

14.40 

2.85 

8.06 

7.25 

9.28 

2.47 

.70 

.27 

1.47 

1.68 

.25 

trace? 

il7 

.04 

trace? 

1.36 

48.22 

14.27 

2.46 

9.00 

6.24 

8.45 

2.90 

1.93 

.28 

1.66 

2.79 

.64 

.03 

.20 

.03 

.04 

.15 

90.91 

4.18 

.22 

1.27 

.37 

.22 

.77 

.58 

.06 

.74 

.28 

.05 

.02 

trace 

none 

trace 

.18 

.10 

none 

58.35 

21.30 

.03 

6.41 

2.10 

.85 

1.60 

5.63 

.31 

.86 

.87 

.18 

none 

.13 

.03 

.05 

45.30 
30.51 

.24 
8.80 
3.11 

.90 
1.65 
4.84 

.26 
1.05 
1.4« 

.12 
none 

.20 

.02 

.03 

ALO, 

Fe,0, 

FeO 

^gO 

CaO 

Na-0 

A^MfV^     ......... 

K,0 

^myv^  .......... 

H,Oatll0*»... 
H,0  above  110*» 
TiO, 

P.Os 

M.    f-^^        ......... 

ZrO, 

MnO 

(NiCo)O 

BaO 

CO, : . 

VX-N^g       .......... 

c 

.40 
none 
.03 

(?) 
.58 

.17 
.04 
.04 
.04 
1.07 

so. 

none 
.07 
.28 
.07 

none 
.07 

trace 
.22 

none 
.10 
.05 
.36 

•^^'S    .......... 

CI 

F 

trace 
.11 

FeS, 

.a.  v/^^ji      ......... 

Leflfl  0 

100.15 
.13 

100.17 
.02 

99.80 
.04 

100.06 

99.71 

99.87 

100.02 

100.15 

99.76 

In  these  rocks  the  sulphur  is  all  reckoned  as  pyrite,  although  pyr-  - 
rhotite  also  is  probably  present.  The  carbonic  acid  represents  either^ 
dolomite  or  siderite;  not  calcite.  Traces  of  lithia  and  strontia  occur^ 
in  nearly  all.  Samples  H,  L,  O,  and  Q  contain  traces  of  copper.  In^ 
N  there  is  0.03  Yfi^^  a  supplementary  determination  by  Hillebrand. 


CIJkBgE,] 


IGNEOUS    AND   CRYSTALLINE   ROOKS. 


.    27 


2.    BOSCELLANEOUS  ROCKS. 

A.  Amphibolite,  Guilford.  Described  by  Emerson  in  Mon.  XXIX. 
Contains  hornblende  needles,  with  albiteand  rutile.  Analysis  by  L.  6. 
Eakins,  record  No.  1326. 

B.  Granitoid  ^eiss,  north  of  Lincoln's. 

C.  The  same,  west  slope  of  Little  Peco. 

D.  Chloritic  granite*  E^t  Clarendon  section. 
£.  Hornblende-granite,  £ast  Clarendon  section. 

Ro^ks  B,  C,  D,  and  E  collected  by  C.  L.  Whittle,  but  not  described. 
Analyses  by  H.  N.  Stokes,  record  No.  1396. 


r 


SiOj. 

A1,0, 

Fe,0, 

FeO. 

MgO 

CaO. 

Na,0 

K,0. 

H,0. 

TiO,. 

CrA 
MnO 

BaO. 


A. 

B. 

49.16 

71.02 

16.43 

15.00 

3.92 

1.12 

7.19 

1.81 

8.19 

.69 

9.21 

.31 

3.70 

2.48 

.41 

6.79 

.45 

1.14 

1.03 

.35 

.16 

.13 

trace 

• 

.23 

trace 

.02 
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MASSACHUSETTS. 
1.    ROCKS   OP  THE   CONNECTICUT  VALLEY. 

Described  bv  Emerson  in  Mon.  XXIX. 

A.  Serpentine  derived  from  salite,  Osburn's  soapstone   quarry, 
Blandford. 

B.  Dark-green,  oily  serpentine,  center  of  large  Middlefield  bed. 

C.  Enstatite,   slightly  altered,  from  GranVille.     For  comparison 
with  D.  • 

D.  Serpentine  derived  from  enstatite,  Granville. 

Analyses  A,  B,  and  C  by  W.  F.  Hillebmnd,  record  No.  1655.     Anal- 
ysis D  by  Geo.  Steiger,  No.  1536. 


1 

A. 

B. 

1 
c. 

1 

D. 

SiO, ' 

aLo. 

40.77 

1.16 

3.56 

1.47 

39.37 

none 

.14 

.10 

.49 

12.48 

none 

trace 

.28 

.09 

.17 

38.62 

.35 

3.44 

3.99 

40.61 

.40 

.10 

.08 

.36 

10.91 

none 

trace 

.39 

.10 

.21 

54.04 

.52 

1.51 

3.90 

34.40 
none 

1        .08 

.70 

3.07 

none 

none 

.14 

.11 

.2:^ 

37.82 
.61 

^^>2>.rg.   ........................ 

Fe,Os 

7.92 

M.    ^^V.'S        ........................ 

FeO 

1.15    1 

MgO 

37.94    ' 

CaO 

none 

Na,0 

I     trace 

.75 

12.50 

trace 

trace 

.19    ' 

K,0 

HjOat  110° 

H,0  above  110° 

TiOx 

P,0. 

Cr-O,.....' 

MnO 

NiO 

.45     1 

CoO 

.05    ' 

Li,0 

trace 
none 

1     100.08 

trace 
.52 

1 

M^M^-y^       ......................... 

CO., 

1.32 

1                    1 

. 

100.08 

100.02 

j       99.38 

1 
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E.  Rich,  dark-green  serpentine,  Rowe. 

F.  Black  serpentine  containing  marmolite,  Atwater's  quarry,  Russell. 

G.  Blackish-green  serpentine  containing    much   chromite.     From 
"  The  Crater,"  North  Blandford. 

H.  Gray,  splintery  seipentine,  Chester. 
Analyses  by  Steiger,  record  No.  1536. 


SiO, 

A1,0, 

Fe,0, 

FeO   

MgO 

CaO  

Na,0 

K,0  

H,OatlOO°  ... 
H,0  above  100° 
TiO, 

PA 

CrA 

MnO 

NiO 

CoO  

CX), 

SO, 

FeS, , 


E. 

F. 

G. 

H. 

40.42  • 

36.94 

39.14 

33.87 

1.86 

.60 

1.18 

.77 

2.75 

6.04 

4.46 

2.81 

4.27 

1.94 

3.14 

4.25 

35.95 

38.35 

41.45 

38.57 

.66 

none 

none 

none 

1        .16 

>     none 

>     none 

} 

none 

.21 

.71 

.34 

.38 

10.51 

12.07 

9.48 

7.00 

none 

trace 

none 

none 

trace 

trace 

.02 

trace 

.28 

.33 

.33 

.38 

trace 

trace 

none 

.04 

.53 
trace 

.40 
none 

.47 
trace 

} 

.33 

1.44 

1.85 

none 

10.82 

trace 

.20 

none 

.20 

.43 

. . 

99.47 

99.33 

100.01 

99.42 
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I.  Peridotite,  Belchertown.  Contains  hornblende,  pyroxene,  biotite, 
olivine,  and  magnetite.     Analysis  by  L.  G.  Eakins,  record  No.  1326. 

J.  Massive,  coarse^  altered  diabase,  Leverett  Contain^  saussuritic 
feldspar  with  black  hornblende.     Analysis  by  Ektkins,  record  No.  1325. 

K.  Tonalite,  South  Leverett.  Dark  green,  chloritic.  Contains  red- 
dish feldspar,  dark  hornblende,  and  a  network  of  dark-green  epidotic 
quartz  veins.     Analysis  by  Eakins,  record  No.  1326. 

L.  Biotite-granite,  Moore's  quarry,  Florence.  Very  feldspathic. 
Quartz  rare,  with  fluid  inclusions.  Feldspar  mostly  triclinic,  ortho- 
clase  and  microcline  present  in  small  quantities.  Little  muscovite, 
some  rutile.     Analysis  by  E^ikins,  record  No.  1414. 


I. 


J. 


K. 


SiO,. 

AlA 
Fe,0, 

FeO. 

MgO 

CaO. 

Na,0 

KjO. 

H,0. 

TiO,. 

P.Os 

CrA 
MnO 

BaO. 

CO,. 


4S.63 

5.32 

2.91 

3.90 

21.79 

13.04 

.34 

.23 

2.81 

.47 

.21 

.36 

.12 

trace 

trace 

100.13 


51.66 

14.82 

4.30 

7.21 

7.36 

7.09 

4.21 

.17 

1.47 

1.97 

.09 


trace 
trace 


100.25 


55.51 

16.51 

1.68 

4.57 

6.73 

6.73 

3.19 

2.46 

1.53 

.91 

.17 


.11 
.02 


100.12 


73.27 

15.51 

.33 

1.14 

.15 

2.74 

4.79 

1.66 

.68 

.10 

trace 


trace 


100.37 
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M.  Amphibolite,  Bemardston.  A  black,  heavy,  massive  hornblende 
rock.    Analysis  by  L.  G.  Eakins,  record  No.  1327. 

N.  Porphyritic  amphibolite,  Heath.  Analysis  by  Eakins,  record 
No.  1325. 

O.  Amphibolite,  New  Salem.     Analysis  by  flakins,  record  No.  1325. 

P.  Amphibolite,  Whitmans  Ferry,  Sunderland.  Thin,  shaly,  apha- 
nitic.     Analysis  by  Ekkkins,  record  No.  1325. 


SiO,.. 
A1,0,. 
Fe,0, 
FeO.. 
MgO. 
CaO.. 
Na,0. 
K,0.. 
H,0.. 
TiO,  . 

PA- 

OA- 

MnO. 
BaO.. 
CO,.. 


61.72 

16.61 

1.72 

9.56 

6.5S 

S.S9 

2.74 

.34 

.61 

1.39 

.23 


trace 
trace 


100.19 


N. 


51. 3S 

18.01 

3.30 

8.53 

5.08 

6.27 

5.34 

.18 

.5^ 

1.07 

.18 


.19 
trace 


100.09 


O. 


45.48 

19.43 

.13 

6.58 

11.08 

10.66 

2.28 

.11 

3.17 

.77 

.14 

trace 

trace 

.01 

.20 

100.04 


P. 


49.86 

15.50 

2.99 

8.01 

7.79 

8.89 

3.26 

.72 

1.51 

1.58 

.11 


.07 
trace 


100.29 
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Q.  Amphibolite,  South  Leverett  Deep  green,  lignifonn.  Analysis 
by  L.  G.  Eiakins,  record  No.  1327. 

R.  Amphibolite,  Goshen.  Derived  from  Conway  limestone.  Analy- 
sis by  E^kins,  record  No.  1414. 

S.  Black,  fissile  amphibolite,  Worthington.  Nearly  pure,  matted 
hornblende.  Titanite  and  sometimes  zircon  present  Analysis  by 
Eakins,  record  No.  1326.    • 

T.  Black,  fissile,  porphyritic  amphibolite,  Warwick.  Analysis  by 
Eakins,  record  No.  1414.  Collected  by  Emerson,  but  not  described  b 
Monograph  XXIX. 


SiO,. 

A1,0, 

Fe,0, 

FeO, 

MgO 

CaO. 

Na,0 

K,0. 

H,0. 

TiO,. 

PA- 
Cr,0, 

MnO. 

BaO. 


47.56 
16.13 
1.80 
9.39 
9.21 
6.67 
2.52 
1.58 
3.51 
1.24 

• 

.21 
trace 

.08 
trace 


99.90 


R. 

8. 

55.64 

48.53 

16.27 

16.35 

1.22 

2.03 

7.20 

10.52 

5.58 

9.71 

9.23 

9.83 

.91 

1.36 

.19 

.32 

3.11 

.79 

.50 

.51 

.23 

.07 

.28 

.17 

trace 

100.36 

100.19 

T. 


50.65 

13.03 

.27 

12.67 

16.96 

1.73 

1.37 

.04 

2.96 

.50 

trace 

trace 

.15 


100.33 


I 


CLABKJL] 


IGNEOUS   AND   OBYSTALLINE   ROOKS. 


88 


2.   MISOELLANEOUS  ROOKS. 

Collected  by  B.  K.  Ehnerson  and  unpublished  at  the  date  of  writing. 

A.  Wehrlite,  New  Braintree.  Contains  diallage,  enstatite,  augite, 
anorthite,  biotite,  apatite,  chromite,  magnetite,  and  pyrrhotite.  Anal- 
ysis by  L.  G.  Eakins,  record  No.  1327 

B.  Black,  serpentinized  boltonite,  Stow.  Analysis  by  W.  F.  Hille- 
brand,  record  No.  1566. 

C.  Highly  metamorphosed  f  eldspathic  conglomerate,  graduating  into 
arkose-gneiss,  electric  railroad  cut,  Marlboro.  Analysis  by  George 
Steiger,  record  No.  1536. 

D.  Phonolite,  Southboro.  No  description  furnished.  Analysis  by 
H.  N.  Stokes,  record  No.  1653.  Contains  traces  of  chlorine  and  fluorine; 
63.2  per  cent  of  the  rock  is  decomposable  by  hydrochloric  acid. 


8iO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatlOO**.... 
H,0  above  100*» 
TiO, 

PA 

OrA 

MnO 

BaO 

00, 

SO, 


A. 


} 


50.64 

7.93 

1.41 

14.82 

18.68 

3.41 

.96 

.21 

.87 

.82 
.27 
.05 
.16 


B. 


100.13 


} 


36.92 

.10 

1.19 

.87 

43.99 
.59 

.05 

.72 
14.70 
none 
trace 
none 
trace 
none 

.90 


c. 


75.35 

13.03 

.62 

.94 

.21 

1.33 

2.44 

5.14 

.15 

.73 

.21 

.08 


D. 


100.03 


none 
.07 
.03 
.03 


100.36 


54.22 

20.20 

2.35 

1.02 

.29 

.70 

9.44 

4.85 

.42 

5.57 

.38 

.11 

none 

.19 

trace 

trace 

none 


99.74 


Keratophyr,  Marblehead  Neck.     Described    by  Sears,  in   Bull. 

Museum  Compar.  2^1ogy,  vol.  16,  No.  9,  p.  170.     Contains  crystals  of 

feldspar,  with  a  decomposed  base,  irregular  patches  of  quartz,  some 

Males  of  biotite  and  grains  of  magnetite,  and  also  some  limonite  and 

earthy  matter.    The  feldspar  is  anorthoclase.     Analyses  by  T.  M. 


riL 


J     ^T 


4  -«  Ary» 
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A.  The  rock. 

B.  The  separated  feldspar. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO*»... 
HjG  at  redness 
TiO,? 

PA 

MnO 


A. 

B. 

70.^ 

65.66 

15.00 

20.05 

1.99 

trace 

ondet 

trace 

.38 

.18 

.33 

.67 

4.98 

6.56 

4.99 

6.98 

.91 

.04 

1.28 

.37 

.03 

undet 

.06 

ondet 

.24 

.13 

100.42 

100.64 

^  Feldspars  f rpm  schists  of  Berkshire  County.  Described  by  Wol 
Mon.  XXin,  pp.  60  and  187.  All  albite.  Analyses  by  R.  B.  Rig| 
record  Nos.  607  and  567. 

A.  From  feldspathic  schist,  central  shaft  of  the  Hoosac  tunnel. 
R.  C.  129. 

B,  C.  From  the  porphyritic  mica-schist  of  Grey  lock  Mountain. 


SiO, 

Al,08,Fe,0, 

MgO 

CaO 

Na,0 

K,0 

Ignition  ... 
MnO 


A. 


69.69 

18.60 

.20 

trace 

10.28 

.40 

.42 


99.59 


B. 


68.08 
20.11 

(?) 
trace 

11.00 
.36 
.31 

trace 


99.86 


67.83 
19.92 

(?) 
trace 

11.65 
.25 
.12 

trace 


99.77 


FejOg  lees  than  0.5  in  any  case. 
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CONNECTICUT. 

A.  Olivine-basalt,  main  flow,  Pine  Hill,  South  Britain.  Contains 
plagioclase,  pink  augite,  olivine,  and  magnetite.  The  rock  is  quite 
fresh. 

B.  Olivine-basalt,  anterior  flow,  South  Britain.  Contains  plagioclase, 
uralitized  augite,  olivine,  and  magnetite.  Bock  much  altered  and  con- 
taining numerous  amygdules  of  calcite  and  prehnite,  stained  by  iron. 

Bocks  A  and  B  studied  by  W.  H.  Hobbs,  who  furnishes  the  petro- 
graphic  data.  Hitherto  unpublished.  Analyses  by  W.  F.  Hillebrand, 
record  No.  1842. 

C.  Basic  pitchstone  (tachylyte),  from  the  so-called  *' ash-bed"  north- 
east of  Meriden.  Described  by  Emerson  in  Bull.  Geol.  Soc.  Anier., 
vol.  8,  p.  77.     Analysis  by  H.  N.  Stokes,  record  No.  1641. 


SiO,.. 
AV),. 
Fe,0, 
FeO.. 
MgO. 
CW).. 
Na,0. 
K,0.. 


HjOatlOS**.... 
H,0  above  105*» 
TiO, 

PA 

NiO 

MnO 


StO 


BaO 

Li,0 

00, 

F 


A. 


62.40 

18.65 

2.73 

9.79 

5.53 

10.01 

2.32 

.40 

.62 

1.05 

1.08 

.12 

trace 

.26 

none 

trace? 

none 


.13 


99.99 


B. 


47.62 

13.91 

7.06 

3.76 

6.84 

5.71 

3.06 

.77 

1.75 

4.55 

1.19 

.15 

trace 

.18 

none 

trace 

trace 

3.68 


100.13 


c. 


46.86 
13.96 
5.23 
4.67 
7.69 
9.42 
1.85 
2.02 
1.29 
3.43 
1.13 
.15 


trace 
trace 
.03 
trace 
2.19 
trace 


99.92 


.4«  ^Itf»1#»««l4*^«^^      4*<»     m^99W»^^^\. 
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NEW  YORK. 


I.  ROCKS  OF  THE  ADIRONDACK  REGION. 

Collected  by  J.  F.  Kemp,  who  furnishes  the  petrographic  data.  A 
and  Q  are  described  by  Kemp  in  19th  Ann.,  Part  IQ,  p.  383.  The 
other  descriptions  are  hitherto  unpublished.  Analyses  A  and  B  by 
George  Steiger,  record  No.  1715;  C  to  G  by  W.  F.  Hillebrand,  record 
No.  1717. 

A.  Wall  rock  of  iron  mine  near  Lincoln  Pond,  Elizabethtown. 
Varies  from  norite  to  gabbro.  Chief  minerals,  green  augite,  hyper- 
sthene,  brown  hornblende,  plagioclase,  and  magnetite.  Microperthitic 
feldspar  less  conunon.     Garnet  varies  from  absence  to  abundance. 

B.  Coarse  gabbro,  top  of  Whiteface  Mountain.  A  pyroxenic  phase 
of  the  anorthosite.  Contains  much  labradorite,  abundant  light-green 
augite,  brown  hornblende,  shreds  of  more  or  less  bleached  brown 
biotite,  and  magnetite. 


SiO, 

AlA 

Fe,Os 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatlOO° -w 

HjO  above  100*» 

TiO, 

P,05 

NiO,CoO 

MnO 

BaO 

CO, 

S 


A. 


44.77 

12.46 

4.68 

12.99 

5.34 

10.20 

2.47 

.95 

.12 

.4S 

5.26 

.2S 

trace? 

.17 

trace? 

.37 

a. 26 


100.75 


B. 


53.  IS 

23.25 

1.53 

1.S2 

2.60 

11.18 

3.97 

.86 

.15 

.98 

.45 

.09 

(?) 
•  11 

trace? 

.34 

trace 


100.51 


a  Mainly  piesent  as  pyrrhotite. 
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C.  Pyroxenic  anorthosite,  Elizabethtown.  Contains  largely  labra- 
dorite,  subordinate  light-green  augite,  less  brown  hornblende,  and  a 
little  magnetite. 

D.  Norite,  with  close  affinity  to  gabbro.  Intrusion  in  C.  Contains 
labradorite,  hypersthene,  garnets,  green  augite,  brown  hornblende,  a 
little  brown  biotite,  magnetite,  and  apatite. 

£.  Diabasic  norite  or  gabbro,  Elizabethtown.  Contains  the  same 
minerals  as  D. 

F.  Gneissoid  derivative,  by  pressure,  of  E.  The  same  minerals, 
but  with  hornblende  more  abundant. 

G.  Gtibbro,  wall  rock  of  Split  Rock  mine.  Contains  augite,  hyper- 
sthene, brown  hornblende,  garnet,  plagioclase,  magnetite,  and  possibly 
spinel. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K^O 

HjOatllO**.... 
H,0  above  110** 

TiO, 

PA 

VA 

NiO,CJoO 

MnO 

BaO 

00, 

8 


c. 

D. 

«. 

F. 

Q. 

56.94 

47.16 

44.97 

46.74 

47.88 

20.82 

14.45 

15.38 

16.63 

18.90 

.83 

1.61 

2.29 

2.17 

1.39 

3.02 

13.81 

12.39 

10.60 

10.45 

2.36 

5.24 

10.89 

6.11 

7.10 

9.41 

8.13 

7.50 

8.66 

8.36 

3.36 

3.09 

3.02 

3.81 

2.75 

1.58 

1.20 

.56 

.86 

.81 

.21 

.12 

.10 

.12 

.18 

.59 

.48 

.65 

.73 

.43 

.44 

3.37 

1.18 

2.54 

1.20 

.07. 

.67 

.14 

.33 

.20 

•  (?) 

(?) 

.02 

(?) 

(?) 

trace 

.02 

.02 

.03 

.02 

.11 

.24 

.22 

.26 

.16 

.05 

trace 

trace 

trace 

trace 

.45 

.35 

.23 

.07 

.12 

trace 

.14 

.06 

•11 

.07 

100.24 

99.98 

99.64 

99.77 

100.02 

ZrO„  01,  and  F  not  looked  for.    Or,0„  Li,0,  and  8rO  present  in  traces.    S  is  in 
part,  at  least,  present  as  pyrrhotite. 
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2.    PERIDOTITE   FROM   DEWITT,    NEAR  SYRAOUSZ. 

A  rock  described  by  Darton  and  Kemp,  Amer.  Joum.  Sci.,  8d  series, 
vol.  49,  p.  456.  Contains  olivine,  partly  serpentinized,  biotite,  and 
augite,  with  magnetite,  apatite,  and  perofskite.  Possibly  a  little  chro- 
mite  also.     Classed  by  Kemp  as  limburgite. 

Analysis  by  H.  N.  Stokes,  record  No.  1491.  The  FeO  represents  the 
total  iron,  because  the  sulphides  present,  possibly  as  pyrrhotite,  pre- 
vent the  separate  estimation  of  the  two  iron  oxides. 


SiO, 

AlA 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0  below  100*» 
H,0  above  100* 
TiO, 

PA 

Cr,0, 


36.80 

4.16 

8.^ 

25.98 

8.63 

.17 
2.48 

.51 
6.93 
1.26 

.47 

.20 


NiO. 
MnO 
BaO. 
StO. 
CO,. 
SO,. 
S  ... 

0  =  8 


.09 
.13 
.12 
trace 
2.95 
.06 
.95 


100.22 
.47 


99.75 
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NEW  JERSEY. 

Rocks  A,  B,  and  C,  described  by  J.  P.  Iddings  in  Bull.  160,  pp.  2i 
9,  236.     Analyses  by  Eakins,  record  No.  1299. 

A.  Basalt,  Watchung  Mountain,  Orange.   Contains  pyroxene,  most 
ilacolite,  plagioclase,  magnetite,  and  glass,  with  variable  amounts  ( 
rpentine  or  chlorite.     The  feldspar  is  partly  altered  into  a  minen 
lich  is  probably  prehnite.     P.  R.  C.  102. 

B.  ElaBolite-syenite,  Beemersville.  Contains  nephelite,  orthoclase. 
ririte,  and  biotite,  with  melanite,  sphene,  apatite,  zircon,  and  magne- 
e  in  smaller  amounts.    Sodalite  is  probably  present  also.    P.  R.  C.  78. 

C.  Minette,  Franklin  Furnace.  Contains  alkali-feldspar,  biotite, 
3noclinic  pyroxene,  magnetite,  epidote,  calcite,  chlorite,  apatite, 
bene,  pyrite,  and  a  little  secondary  qflartz.     P.  R.  C.  91. 

D.  Nepheline-syenite,  Brookville.  Collected  by  N.  H.  Darton  and 
Rribed  by  F.  L.  Ransome  in  Amer.  Journ.  Sci.,  4th  series,  vol.  8, 
417.  Contains  alkali-feldspars,  nepheline  largely  altered  to  secondary 
inerals,  brown  amphibole,  biotite,  cancrinite,  plagioclase,  muscovite, 
firine-augite,  apatite,  titanite,  fluorite,  and  a  few  specks  of  mag- 
itite.  Also  secondary  analcite,  sericite,  and  natrolite  (?).  Analysis 
r  Steiger,  record  No.  1807. 


SiO, 

A1,0, 

Fe,03 

FeO 

MgO 

CaO 

Va,0 

'^O 

jOatlOO**.... 

,0  above  100° 

3, 

\ 

O 


>=F. 


A. 


} 


51.36 
16.25 
2.14 
8.24 
7.97 
10.27 
1.54 
1.06 

1.33 


.09 
.03 


100.28 


B. 


} 


53.56 
24.43 
2.19 
1.22 
.31 
1.24 
6.48 
9.50 

.93 


.10 


99.96 


C. 


} 


40.71 
19.46 
7.46 
6.83 
6.21 
11.83 
1.80 
3.26 

1.53 


.18 


.74 


100.01 


D. 


54.68 

21.63 

2.22 

2.00 

1.25 

2.86 

7.03 

4.58 

.27 

1.88 

.79 

.28 

trace 


.05 

.22 

.07 

none 


1 


99.81 
.09 


\ 
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PENNSYLVANIA. 

A.  Aporhyolite,  Monterey,  Franklin  County.  Described  by  Flor- 
ence Bascom  in  Bull.  150,  p.  ^3.  Contains  alkali  feldspars,  quartz, 
sericite,  epidote,  titaniferous  magnetite,  leucoxene,  and  rarely  sphene. 
Analysis  by  H.  N.  Stokes,  record  No.  1479.    P.  R.  C.  186. 

B.  Quartz-porphyry,  same  locality.  Analyzed  for  G.  H.  Williams, 
but  never  described.     Analysis  by  L.  G.  Eakins,  record  No.  1860 


SiO, 

A1.0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatlOO*.... 
H,0  above  100* 
TiO, 

PA 

MnO 

BaO 

00, 


A. 


76.34 

n.60 

2.41 

.30 

.06 

.65 

6.50 

2.76 

.10 

.39 

.26 

trace 

trace 

.09 

trace 

100.35 


} 


.06 
.09 


73.85 

13.15 

3.27 

.36 

.32 

.82 

2.29 

5.42 

.71 


100.34 
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DELAWARE. 

Feldspars  from  gabbros.     Separated  by  Diller,  described  by  Chester 
in  Bull.  59.     Analyses  by  R.  B.  Biggs,  record  Nos.  459,  460,  461. 

A.  Sp.  gr.  2.592  to  2.877,  from  a  typical  gabbro,  Brandywine  Creek, 
Wilmington. 

B.  Sp.  gr.  2.592  to  2.780,  from  a  typical  hypersthene-gabbro,  Fifth 
and  Van  Buren  streets,  Wilmington. 

C.  Sp.  gr.  2.592  to  2.749,  from  "Iron  Hill  hyperite  changing  to 
diorite,"  near  Whitaker's  ore  pit. 


A. 


70.37 

18.36 

.58 

.04 

5.08 

4.32 

.63 

trace 

.46 


99.83 


B. 

a 

51.44 

44.09 

30.05 

35.41 

.96 

.51 

trace 

none 

13.19 

18.47 

4.07 

.99 

.21 

.19 

trace 
.35 

.35 

100.27 

100.01 

Samples  dried  at  105°.    FeO  not  determined  separately. 
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MARYLAND,  INCLUDING  THE  DISTRICT  OF  COLUMBIA. 

1.   PERIDOTITE  AND  PYBOXENITB. 

Rocks  A  to  I,  inclusive,  described  by  6.  H.  Williams  in  Amer. 
Greologist,  vol.  6,  p.  35. 

A.  Porphyritic  Iherzolite,  Johnny  Cake  Road,  Baltimore  County. 
Contains  olivine,  bronzite,  and  diallage,  the  olivine  partly  serpentinized. 
Analysis  by  T.  M.  Chatard,  record  No.  1094. 

B.  Pyroxenite,  Johnny  Cake  Road.  Consists  entirely  of  hypersthene 
and  diallage.    P.  R.  C.  110. 

C.  D.  Alterations  of  B.     B,  C,  and  D  dried  at  104°. 

E.  Smaragdite  rock,  altered  pyroxenite.  Dogwood  Road,  Baltimore 
County. 

Analyses  B,  C,  D,  and  E  by  J.  E.*  Whitfield,  record  Nos.  975,  976. 
C,  D,  and  E  are  from  the  laboratory  record,  and  do  not  appear  in  the 
published  paper. 


8iO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO° 

H,0  at  red  heat. 
TiO, 

PsOft 

Cr,0, 

NiO 

MnO 

SO, 

CI 


} 


43.87 
1.64 
8.94 
2.60 

27.32 
6.29 

.50 

1.08 
7.64 

.12 
trace 

.44 
trace 

.19 


100.63 


B. 


} 


50.80 

3.40 

1.39 

8.11 

22.77 

12.31 

trace 

.52 

none 

trace 

.32 


.17 

trace 

.24 

100.03 


c. 


} 


50.10 
2.00 
2.38 
8.68 

26.85 
5.06 

none 

4.16 

none 

none 

.36 


.29 

trace 

.26 

100.14 


D. 


} 


51.94 
2.53 
2.88 
9.38 

25.97 
3.60 

none 

2.82 

none 

none 

.60 


trace 
.19 
.16 

100.07 


} 


53.22 
3.14 


7.95 
20.09 
14.44 

trace 

.98 
none 


.23 


.11 

trace 

.26 

100.42 
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F,  G.  Two  samples  of  websterite,  Hebbville,  6  miles  west  of  Bal\ 

►re. 

9.  Bronzite  from  G. 

I.  Diopside  from  G. 

The  rock  consists  entirely  of  bronzite  and  diopside.  '  Analyses  b} 

M.  Chatard,  record  Nos.  1094,  1123. 

h  Websterite,  Oakwood,  Cecil  County.    Composed  of  hypersthene 

i  diallage.     Analysis  by  W.   F.   Hillebrand,   record   No.    1755. 

scribed  by  A.  G.  Leonard,  but  hitherto  unpublished. 

K.  Cortlandtite,  Ilchester,  Howard  County.     Analysis  by  W.  F. 

llebrand,  record  No.  1422.    Published  by  Williams  in  Fifteenth 

m.,  page  674.    The  rock  consists  of  olivine,  pyroxene,  and  large 

mblende  crystals,  the  latter  considerably  altered  to  talc. 


F. 

Q. 

H. 

I. 

J. 

E. 

SiO, 

53.98 

1.32 

1.41 

3.90 

22.59 

15.47 

undet 

undet 

.09 

.83 

.15 

trace 

52.55 

2.71 

1.27 

4.90 

20.39 

16.52 

}  •" 

1    1.09 

.14 
trace 

54.53 

1.93 

1.70 

8.92 

29.51 

2.25 

51.80 

2.21 

1.29 

3.50 

17.76 

20.99 

undet 

undet 

}      .65 

.13 
trace 

53.21 

1.94 

1.44 

7.92 

20.78 

13.12 

.11 

.07 

.14 

.87 

.26 

trace 

trace 

.03 

.20 

}       .03 

.22 

none 

none 

trace 

.03 

.10 

39.20 

4.60 

3.45 

6.15 

31.65 

3.23 

.42 

.14 

.50 

9.38 

.52 

trace 

ALO. 

Fe,0, 

FeO 

MeO 

CaO 

Na,0 

ilfi 

1    1.14 

undet 
trace 

HjOatlOO**... 
H,0  above  100° 
TiO, 

^JO. 

lO,    

u  vr  J     ......... 

,0i 

•,o, 

.53 

trace 

.44 

.30 

.51 

.41 
.30 

0 

a 

0 

.21 

.24 

.28 

trace 

.20 

\ 

trace 

100.48 

100.52 

100.56 

98.84 

100.47 

100.15 
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2.    GABBRO  AND  DIOBITE. 


Bocks  A  to  E,  inclusive,  described  by  G.  H.  Williams,  but  not  in 
detail,  in  15th  Ann.,  pp.  673,  674.  Some  of  the  rocks,  with  other 
analyses,  are  discussed  by  him  in  Bull.  28.  Analyses  by  W.  F.  Hille- 
brand,  record  No.  1422. 

A.  Olivine-gabbro,  Orange  Grove,  Baltimore  County.  Contains 
plagioclase,  diallage,  hypersthene,  fresh  olivine,  magnetite,  and  apa- 
tite, and  sometimes  ho^mblende. 

B.  Hypersthene-gabbro,  Wetheredville,  Baltimore  County.  Rich 
in  hypersthene  and  diallage,  with  plagioclase,  magnetite,  and  apatite. 

C.  Grabbro-diorite,  Hchestoir,  Howard  County.  A  coarse  anorthite- 
homblende  rock,  probably  an  altered  gabbro. 

D.  Biotite-diorite,  Tiiadelphia,  Montgomery  County. 

E.  Biotite-diorite,  Georgetown,  D.  C. 

To  these  may  be  added  an  apparently  unpublished  analysis  made  for 
Williams  by  L.  G.  Eakins,  record  No.  1350,  as  follows: 

F.  Hornblende-diorite,  Rock  Creek  tunnel  shaft,  Washington,  D.  C. 
Relations  to  E  not  stated. 


A. 

B. 

c. 

D. 

E. 

F. 

SiO, 

48.91 

8.81 

1.04 

9.52 

16.19 

14.69 

.64 

.10 

.07 

.62 

.37 

trace 

44.76 

18.82 

2.19 

4.73 

11.32 

14.68 

.89 

.11 

.17 

2.36 

.13 

none 

43.42 

22.37 

.81 

9.25 

6.76 

13.34 

1.24 

1.13 

.09 

1.64 

1.26 

.10 

66.97 

16.60 

1.21 

6.28 

6.83 

7.31 

2.23 

1.26 

.18 

1.86 

1.11 

.16 

66.41 

16.19 

1.60 

6.24 

7.18 

6.77 

2.21 

1.34 

.08 

2.00 

.69 

.06 

.14 

.06 

.11 

trace 

66.18 
14.76 
2.12 
6.98 
8.11 
7.97 
1.62 
.80 

1      1.37 

ALO. 

Fe,0. 

FeO 

MifO 

.UA^V^      ......... 

CaO 

Na,0 

K-O 

AB^V^    .......... 

H,Oatl00*»... 
H,0  above  100*» 
TiO, 

P.O. 

.08 

SnOj,  ZrOa?... 

Cr.Oa 

.16 

.16 

trace 

.08 

.16 

trace 

trace 

.06 

trace 

.04 

.08 

trace 

MnO 

.17 

Li,0 

100.17 

100.29 

100.36 

100.10 

100.06 

100.16 
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The  following  rocks,  from  Cecil  County,  have  been  studied  by 
A.  G.  Leonard.     Descriptions  as  yet  unpublished. 

G.  Quartz -biotite- hornblende -diorite,  near  the  foundry  on  Stone 
Bun.     Granitic  in  appearance. 

H.  Quartz -biotite- hornblende -dioritQ,  near  Poller's  bridge  on 
Octoraro  Creek. 

I.  A  true  diorite  with  very  little  quartz,  Stone  Run,  one-half  mile 
northwest  of  the  mill  near  Rising  Sun. 

J.  Norite,  three-fourths  of  a  mile  northwest  of  McKinsey's  mill. 

Analyses  by  Hillebrand,  record  No.  1755. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oatl05*>  ... 
H,0  above  105° 
TiO, 

PA 

ZrO, 

VA 

CrA 

NiO,CoO 

MnO 

SrO 

BaO 

Li,0 

FeS, 

CX), 


G. 


100.07 


H. 


58.57 

55.16 

16.10 

17.51 

2.89 

2.62 

6.12 

5.83 

2.33 

4.35 

7.39 

8.50 

2.11 

1.83 

1.01 

1.08 

.21 

.18 

1.27 

2.01 

1.41 

.64 

.37 

.21 

.09 

.02 

.02 

.04 

none 

trace 

none 

.01 

.18 

.15 

trace 

trace 

trace 

trace 

trace 

trace 

trace 

.03 

none 

none 

100.17 


I. 


44.04 

20.01 

4.22 

8.61 

5.01 

11.68 

1.24 

.15 

.11 

1.90 

2.24 

.52 

.10 

.05 

none 

.01 

.28 

none 

none 

trace 

.25 

none 

100.42 


J. 


48.02 

20.01 

1.13 

7.29 

10.05 

11.42 

.51 

.05 

.10 

.57 

.23 

trace 

none 

.02 

.03 

.01 

.    .18 

none 

none 

trace 

.11 

.25 

99.98 
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3.    GRANITE  AND  GNEISS. 

For  descriptions  see  Williams,  15th  Ann.,  p.  657,  and  Keyes,  tbid.^ 
p.  685.  The  Rowlandsville  granite  is  described  by  Grimsley  in  Journ. 
Cincinnati  Soc.  Nat.  Hist.,  vol.  17,  p.  78. 

A.  White  granite,  Brookville,  Montgomery  County.     (Williams.) 

B.  Binary  granite,  Guilford,  Howard  County.  Contains  quartz, 
orthoclase,  a  little  plagioclase,  muscoyite,  and  biotito,  with  occasional 
zircon  and  apatite.     (Keyes.) 

C.  Biotite-granite,  Woodstock.  Light  colored,  finegrained.  Quartz, 
feldspar,  and  biotite,  with  accessory  allanite  and  epidote.     (Keyes.) 

D.  Biotite-granite,  Rowlandsville,  Cecil  County.  Dark  colored. 
Contains  plagioclase,  orthoclase,  quartz,  epidote,  biotite,  sphene,  mag- 
netite, and  apatite,  with  a  little  secondary  muscovite.  The  percentages 
of  the  several  minerals  are  computed  by  Grimsley  from  the  analysis. 

Analyses  by  W.  F.  Hillebrand,  record  Nos.  1220, 1422, 1455.  In  B 
and  C  manganese  was  present,  barium  and  strontium  were  not  tested 
for,  and  the  alumina  contains  possible  titanium  and  phosphoric  acid. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatlOO**..-. 
H,0-above  100° 
TiO, 

PA 

MnO 

SrO 

BaO 

Li,0 


A. 


74.87 

14.27 

trace 

.51 

.16 

.48 

3.06 

5.36 

.26 

.66 

.05 

.21 

trace 


trace 


99.89 


B. 


} 


72.57 

15.11 

.69 

1.02 

.30 

1.65 

3.92 

4.33 

.47 

undet. 
undet 
ondet 
undet 
undet. 
trace 

99.96 


C. 


} 


71.79 

15.00 

.77 

1.12 

.51 

2.50 

3.09 

4.75 

.64 

undet 
undet 
undet 
undet 
undet 
trace 

100.17 


D. 


66.68 

14.93 

1.58 

3.32 

2.19 

4.89 

2.65 

2.05 

.16 

1.09 

.60 

.10 

.10 

trace 

.08 

trace 

100.32 
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E.  Biotite-granite,  Dorseys  Run,  Howard  County.  Typical,  dark 
colored.  Quartz,  feldspar,  and  biotite,  with  accessory  allanite  and 
epidote.    (Eeyes.) 

F.  Same  locality,  light-colored  dikes. 

6.  Inclusions  in  E.     Derived  from  gneiss. 

H.  The  typical  gneiss  of  the  Dorseys  Run  area.  Perhaps  6f  sedi- 
mentary origin. 

Descriptions  by  Keyes.  Analyses  by  Hillebrand.  The  remarks 
appertaining  to  B  and  C  apply  here  also.     Record  No.  1220. 


SiO,. 

A1,0, 

Fe,0, 

FeO. 

MgO 

CaO. 

Na,0 

K,0. 

H,0. 

Li,0 


£. 

F. 

Q. 

H. 

62.91 

70.45 

57.33 

48.92 

19.13 

16.98 

15.31 

16.57 

.98 

.75 

3.39 

4.21 

3.20 

1.84 

8.19 

9.18 

1.69 

.77 

4.36 

5.€flB 

4.28 

2.60 

3.95 

9.69 

3.94 

3.83 

1.22 

2.47 

3.38 

•3.59 

4.57 

1.56 

.63 

.45 

1.80 

1.68 

trace 

trace 

trace 

trace 

100.14 

100.26 

100.12 

100.26 

I.  Biotite-granite,  Sykesville.  Contains  quartz,  feldspar,  and  bio- 
tite, with  accessory  magnetite,  zircon,  and  apatite. 

J.  Inclusion  in  I,  derived  from  limestone.  YeUowish  central  portion. 
Consists  of  epidote  and  quartz,  with  a  little  chlorite. 

K.  Same  inclusion,  fine-grained  dark  outer  zone.  Quartz,  garnet, 
and  epidote,  with  a  littie  magnetite.  Feldspar  and  muscovite  in  some 
portions.  Descriptions  by  Keyes.  Analyses  by  Hillebrand,  record 
No.  1220,  with  the  same  limitations  as  in  the  Guilford,  Woodstock,  and 
Dorseys  Run  granites. 


SiO, 

A1,0, 

Fe,0, : 

FeO 

MgO 

CW) 

Na,0 

K,0 

H,0 

Ufi 


I. 


71.45 
14.36 
2.07 
2.78 
1.17 
1.58 
1.95 
3.28 
1.30 
trace 

99.94 


J. 


67.02 

13.77 

4.64 

1.02 

.65 

11.09 

.66 

.09 

1.16 

trace 

100.10 


K. 


\ 


47.35 
29.76 
2.94 
3.15 
1.60 
2.20 
2.84 
6.83 
3.15 
trace 


\ 
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L.  Typical  gneiss  of  Washington,  D.  C,  from  quarry  of  Potomac 
Stone  Company,  1  mile  below  Chain  Bridge.     A  basic  granite. 

M.  Fine-grained,  fissile,  chloritic  gneiss,  from  northwest  of  Cabin 
John  Bridge.     Also  a  basic  granite. 

N.  Fine-grained,  hard  gneiss,  from  the  second  lock  at  the  Great  Falls 
of  the  Potomac.    Probably  of  sedimentary  origin. 

Described  by  Williams.     Analyses  by  Hillebrand,  record  No.  1459. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO*» 

H,0  above  110° 

TiO, 

PA 

MnO r 

SrO 

BaO 

Li,0 


L. 

M. 

N. 

67.22 

63.43 

78.28 

15.34 

16.69 

9.96 

2.78 

3.36 

1.85 

3.41 

3.87 

1.78 

1.65 

2.33 

.95 

1.36 

.80  - 

1.68 

2.00 

2.38 

2.73 

3.26 

3.22 

1.35 

.29 

.23 

.12 

1.68 

2.67 

.83 

.84 

.91 

.70 

.14 

.11 

.11 

.13 

.09 

.08 

trace 

trace 

trace 

.04 

.03 

.02 

trace 

trace 

trace 

100.14 

100.12 

100.44 
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To  these  may  be  added  three  analyses  of  feldspars  from  the  pegma- 
tite of  Jones  Falls,  Baltimore.  Described  by  S.  L.  Powell  in  Johns 
Hopkins  Univ.  Circular,  vol.  12,  p.  49.  Analyses  by  W.  F.  Hillebrand, 
record  No.  1421. 

O.  Mesh-colored  microcline. 

P.  Green  microcline. 

Q.  Albite-oligoclase,  near  Ab^An. 


SiO, 

AC 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatlOO°.... 
H,0  above  100*» 

SrO 

BaO 


o. 


} 


65.06 
18.41 

trace 

.04 

.26 

1.60 

14.30 

.04 

.26 

trace 

.13 


100.10 


P. 


68.48 

16.11 
.20 
.17 
.03 
.23 
1.27 

12.99 
.06 
.26 

trace 
.05 


Q. 


99.85 


} 


63.72 
22.26 

trace 

.06 

3.58 

8.98 

.76 

.09 

.43 

trace 


99.88 


P  contained  a  little  unseparated  quartz.    All  three  contained  traces  of  lithia.    In 
O  and  Q  the  traces  of  iron  were  weighed  with  the  alumina. 


Bull.  168- 
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4.    MISCELLANEOUS  ROCKS. 


A.  Typical  diabase,  Rocky  Ridge.  Analyzed  for  J.  S.  Diller,  but 
not  described.     Analysis  by  E.  A.  Schneider,  record  No.  1370. 

B.  Ottrelite-phyllite  rock,  Liberty,  Frederick  County.  Analyzed 
for  S.  H.  Williams,  but  not  described. 

C.  Ottrelite  separated  from  B.  Analyses  B  and  C  by  L.  G.  Eakins, 
record  No.  1349. 

D.  Quartz-schist,  Shoemaker  quarry,  near  Stevenson  Station,  Green 
Spring  Valley.  Described  by  Bayley  in  Bull.  150,  p.  302.  Contains 
quartz,  muscovite,  occasional  tourmalines,  microcline,  zircon,  and  iron 
stains.     Analysis  by  Schneider,  No.  1370.     P.  R.  C.  119. 

E.  Mica  separated  from  D.     Analysis  by  Schneider,  No.  1377. 

F.  Sericite-schist,  Ladiesburg.  Described  by  Bayley  in  Bull.  160^ 
p.  317.  Contains  quartz,  sericite,  chlorite,  a  mineral  thought  to  be 
kaolin,  zircon,  iron  oxide,  and  rutile.  Analysis  by  George  Steiger, 
record  No.  1600.     P.  R.  C.  126. 

G.  Another  sample  of  F.     Analysis  by  Schneider,  No.  1370. 


A. 

B. 

c. 

D. 

E. 

F. 

G. 

8iO, 

61.68 

15.87 

1.46 

8.43 

7.84 

11.08 

1.86 

.34 

.16 

.15 

.72 

.12 

.15 

34.92 

32.31 

10.21 

8.46 

1.13 

.36 

2.12 

1.87 

1    5.29 

3.37 

.23 

trace 

23.40 

39.31 

5.14 

21.94 

2.18 

trace 

.20 

.20 

1    6.81 

1.19 
trace 
trace 

91.65 

1.59 

3.57 

.21 

.17 

none 

.07 

1.93 

.60 

.13 

none 

trace 

44.93 

29.81 

^    6.10 

1.16 

.50 

10.28 

1.38 

4.88 

1.05 

trace 

trace 

.22 

67.24 

23.48 

3.19 

4. 97 

.93 

.09 

1.18 

3.65 

.33 

4.65 

.08 

.09 

none 

58.11 

21.84 

2.62 

5.63 

1.85 

none 

.97 

3.66 

.35 

4.05 

.81 

.21 

.19 

A1,0, 

Fe,0, 

FeO 

McO 

CaO 

Na,0 

K-O 

AB^V^*   ......... 

HjOatlOO^.. 
H,0  above  100** 
TiO, 

^M.-S^2        ......... 

P-On 

M. 2^^o    --------- 

MnO 

LijO 

F 

......... 

99.86 

100.27 

100.37 

99.92 

100.31 

99.68 

100.29 
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VIRGINIA. 

A.  Andesite,  3i  miles  east  of  Front  Royal.  Described  by  Keith  in 
14ih  Ann. ,  p.  305.  Intermediate  between  diabase  and  quartz-porphyry. 
Contains  plagioclase,  quartz,  ma^etite,  ilmenite,  and  a  little  epidote. 
Analysis  by  George  Steiger,  record  No.  1450. 

B.  Porphyritic  felsite  or  fekophyre,  forks  of  Straight  Creek,  3 
miles  E5IE.  of  Monterey.  Described  by  Darton  and  Keith  in  Am. 
Joum.  Sci.,  4:th  series,  vol.  6,  p.  305.  Contains  phenocrysts  of  biotite, 
orthoclase,  and  plagioclase,  the  mica  and  feldspar  being  about  equal  in 
amount.  In  the  groundmass  are  feldspar,  quartz,  magnetite,  or  ihnen- 
ite,  and  a  little  secondary  chlorite  with  less  muscovite.  No  glass. 
Analysis  by  Hillebrand,  record  No.  1665. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO**-.. 
H,0  above  110 
TiO, 

PsOft 

MnO 

SrO 

BaO 

Li,0 

00, 

01,F 

S 


51.08 

11.37 

11.17 

5.64 

3.96 

5.20 

5.54 

1.50 

1.31 

.19 

2.67 

.39 

.22 


100.24 


B. 


69.56 

15.52 

1.67 

1.19 

.41 

1.20 

4.46 

4.68 

.34 

.67 

.31 

.08 

.07 

trace 

.10 

trace 

none 

p) 

trace 
100.26 
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NORTH    CAROLINA. 

Rocks  A  to  F  collected  by  Arthur  Keith,  who  f  .mishes  the  petro- 
graphic  data.  Analyses  B,  C,  D,  and  E  by  W.  F.  Hillebrand,  record 
No.  1707.     Analyses  A  and  F  by  H.  N.  Stokes,  record  No.  1710. 

A.  Porphyritic  rhyolite,  2  miles  west  of  Banners  Elk,  Watauga 
Ciounty.  Contains  orthoclase  and  plagioclase,  with  less  quartz,  epidote, 
chlorite,  and  pyrite. 

B.  Quartz-porphyry,  2i  miles  northwest  of  Blowing  Rock,  Watauga 
County.  Contains  quartz  and  orthoclase,  with  subordinate  sericite, 
chlorite,  and  biotite. 

C.  Diorite,  east  end  of  Hump  Mountain,  Mitchell  County.  Con- 
tains plagioclase,  orthoclase,  and  hornblende,  with  less  quartz,  biotite, 
magnetite,  and  garnet. 

D.  Grarnetiferous  diabase.  If  miles  southeast  of  Cranberry.  Con- 
tains plagioclase  and  hornblende,  with  less  garnet,  biotite,  and 
magnetite. 


SiO,. 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0... 

K,0 

HjOatllO*'.-.. 
H,0  above  110° 
TiO, 

PA 

ZrO, 

CrA 

VA 

CoO,NiO 

MnO 

SrO 

BaO 

Li,0 

S 


A. 


62.35 

13.24 

3.62 

6.33 

.85 
3.34 
2.79 
3.95 

.11 
1.21 
1.18 

.67 


none 


none 
.08 

trace 
.16 

trace 


B. 


79.75 

10.47 

.64 

.92 

.13 

.15 

1.36 

6.01 

.08 

.60 

.15 

trace 

.05 


none 
trace 
trace 
.06 
trace 
none 


99.68    I    100.37 


C. 


46.91 

15.85 

2.86 

9.95 

7.01 

9.62 

2.65 

.69 

.24 

1.62 

2.03 

.26 

none 

.01 

.03 

.03 

.22 

trace? 

trace? 

trace 

none 


99.98 


D. 


62.11 

13.70 

1.22 

9.86 

8.08 

12.16 

1.31 

.16 

.06 

.53 

.32 

.05 

none 


.03 
.20 
none 
none 
trace 
trace 


99.79 
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E.  Epidote-chlorite-schist,  i  mile  northeast  of  Montezu  ma,  Mitchell 
County.  Ciontains  epidote  and  feldspar,  with  less  chlorite,  hornblende, 
and  magnetite. 

F.  Metamorphosed  amygdaloid,  3  miles  southeast  of  Boone,  Watauga 
County.  Contains  orthoclase  and  plagioclase,  with  less  sericite,  chlo- 
rite,  and  magnetite. 

G.  Pyroxenite,  var.  websterite,  from  Webster.  Described  oy  Wil- 
liams, Amer.  Greologist,  vol.  6,  p.  35.  Consists  of  diopside  and  bronz- 
ite.  Analysis  by  E.  A.  Schneider,  record  No.  1096.  Material  dried 
at  105^.    P.  R.  C.  388. 

H.  Spherulitic  rhyolite,  Sam  Christian  gold  mine,  Montgomery 
County.  Described  by  Diller,  Amer.  Journ.  Sci.,  4:th  ser.,  vol.  7,  p. 
337.  The  rock  of  the  supposed  fossil,  palaeotrochis.  Contains  feld- 
spar and  quartz,  with  a  little  biotite  and  sericite.  Analysis  by  Hille- 
brand,  record  No.  1796. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°.... 
H,0  above  110** 
TiO, 

PA 

ZrO, 

CrA-  — 

VA 

CoO,NiO. 

MnO 

SrO 

BaO 

Li,0 


£. 

P. 

Q. 

H. 

47.85 

43.62 

55.14 

79.57 

.  16. 51 

17.30 

.66 

11.41 

4.16 

14.13 

3.48 

.20 

7.43 

6.83 

4.73 

.70 

.6.24 

2.34 

26.66 

a  little 

7.00 

1.63 

8.39 

.21 

3.20 

3.45 

.30 

3.46 

.82 
.21 

3.03 
.30 

3.52 
.18 

1        .38 

4.00 

2.93 

.61 

2.28 

2.75 

trace 

.11 

.35 

1.34 

.23 

trace 

.03 
.01 
.05 
.03 
.24 

none 

.25 

none 
trace 

.11 
.03 

none 

trace? 

trace? 

trace 

trace 

-.09 

trace 

.05 

100.41 

99.74 

100.36 

100.02 
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The  following  rocks  from  Ciorundiim  Hill  were  collected,  analyzed, 
and  described  by  T.  M.  Chatard,  Bull.  42,  p.  45. 

I.  Altered  gneiss.  Made  up  of  micaceous  scales,  with  grains  of 
quartz  and  some  earthy  matter.     Record  No.  238. 

J.  Dunite.  Olivine  rock  containing  a  little  chromite.  Record  No. 
256. 

K,  L.  Yellow,  clay-like  alterations  of  dunite.     Record  Nos.  254, 255. 

Other  analyses  of  altered  rocks  are  given  in  the  paper,  and  also 
analyses  of  associated  minerals. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0  (Ign.) 
TiO, 

PA 

0,0, 

MnO 

Chromite . . 


64.27 

16.75 

6.08 

.89 
1.74 

.25 

.89 
3.09 
4.97 
1.32 

.05 


.07 


100.37 


J. 


40.11 

.88 

1.20 

6.09 

48.58 


2.74 


.18 


.56 


100.34 


E. 


40.18 

1.35 

10.97 


43.84 


2.01 
none 


1.41 


99.76 


40.04 

3.17 

12.15 


42.97 


2.14 
none 


.17 


100.64 
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GEORGIA. 

Bocks  collected  by  A.  H.  Brooks,  who  supplies  tne  petrographic 
data.  Hitherto  unpublished.  Analyses  by  H.  N.  Stokes,  record  No. 
1727. 

A.  Meta-quartz-diorite,  2  miles  southwest  of  Sweden,  Gordon 
County.  Contains  plagioclase,  near  labradorite,  green  hornblende, 
sometimes  diallage,  much  vitreous  quartz,  and  accessory  magnetite, 
ilmenite,  and  orthoclase.  Also  secondary  epidote,  zoisite,  uralite, 
chlorite,  garnet,  calcite,  and  leucoxene. 

B.  Augite-microcline-granite,  1  mile  east  of  Rowland,  Bartow 
County.  Contains  microcline,  some  plagioclase,  abundant  pyroxene 
partly  altered  into  chiefly  uralite  and  chlorite,  some  biotite  with  fre- 
quent inclusions  of  rutile,  much  blue  vitreous  quartz,  apatite,  zircon, 
and  magnetite. 

C.  Quartz-gabbro,  2  miles  southeast  of  Walleska,  Cherokee  County. 
Closely  related  to  B.  Contains  essentially  plagioclase,  near  labrador- 
ites,  and  augite.  Accessory  magnetite,  ilmenite,  apatite,  and  zoisite. 
Orthoclase  is  sparingly  present.     Quartz  occurs  in  vitreous  masses. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 , 

H,OatllO° 

H,0  above  110*. 
TiO, 

PA 

MnO 

BaO 

SrO 

LijO 

00, 

S 

SO, 

01 

F 

0  (graphite)  ... 


A. 


69.87 

12.02 

1.42 

3.49 

2.30 

7.86 

.66 

.11 

.18 

.89 

.69 

.17 

.16 

none 

none 

trace 

.43 

none 

none 

none 

(?) 


B. 


100.25 


67.98 

14.84 

1.00 

3.16 

.91 

2.17 

2.66 

4.76 

.14 

.49 

.84 

.34 

trace 

.20 

trace 

trace 

none 

.08 

trace 

trace 

trace 

.21 

99.77 


C. 


56.20 

15.46 

1.54 

9.76 

1.83 

5.39 

2.78 

2.56 

.16 

.59 

2.25 

1.13 

.13 

.17 

trace 

none 

none 

.07 

trace 

trace 

trace 


100.02 


\ 


56 


ANALYSES  OF  BOOKS,  U.  S.  GEOLOGICAL  SUBVEY.         [bull.  168. 


KENTUCKY. 


1.    THE  ELLIOTT  COUNTY  DIKE. 


Described  by  Diller  in  Bull.  38.  Also  in  Amer.  Joum.  Sci.,  3d  series, 
vol.  32,  p.  126. 

A  peridotite,  var.  kimberiite,  consisting  largely  of  olivine,  sometimes 
altered  to  serpentine.  Pyrope,  ilmenite,  a  few  scales  of  biotite,  a  little 
enstatite,  and  a  trace  of  apatite  are  present  as  primary  minerals.  Sec- 
ondary minerals  are  serpentine,  dolomite,  magnetite,  and  octahedrite. 
P.  R.  C.  799. 

A  granitic  rock  occurs  with  the  peridotite.  It  consists  chiefly  of 
feldspar,  orthoclase,  and  plagioclase,  with  a  considerable  amount  of 
quartz  and  ilmenite,  and  traces  of  hornblende,  sphene,  and  apatite. 

Analyses  by  T.  M.  Chatard,  record  Nos.  272,  273, 282, 306, 361, 352, 
353,  354,  and  358. 

A.  Granite. 

B.  Peridotite  (kimberiite). 

C.  Olivine  from  peridotite. 

D.  Gbmet  from  peridotite. 

E.  Ilmenite  from  peridotite. 


A. 

B. 

c. 

D. 

E. 

SiO, 

60.56 
16.19 
5.19 
2.41 
1.30 
2.09 
4.78 
4.82 

29.81 

2.01 

5.16 

4.35 

32.41 

7.69 

,     .11 

.20 

1      8.92 

2.20 
.35 
.43 
.23 
.05 

40.05 

.39 

2.36 

7.14 

46.68 

1.16 

.08 

.21 

.14 

.66 

.07 

.04 

.24 

.20 

41.32 

21.21 

4.21 

7.93 

19.32 

4.94 

.07 

.76 

2.84 

9.13 

27.81 

8.68 

.23 

^        .19 

1        .20 

49.32 

trace 

.74 

.20 

ALO, 

Fe,0. 

FeO 

MgO 

CaO 

Na-O 

K,0 

H,O,110° 

.16 

none 

.91 

.34 

H,0,im 

.51 

1.19 

.30 

TiO, 

P.O. 

Cr-Q. 

MnO 

.36 

NiO 

CoO 

trace 
? 

CO, 

6.66 
.28 

80. 

99.70 

100.86 

99.42 

100.58 

100.10 
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The  following  analyses  are  of  sedimentary  rocks  adjoining  the  dike: 

F.  Calcareous  standstone. 

G.  Fine-grained  fissile  sandstone. 
H.  Indurated  shale. 

I.  Fragment  of  shale  included  in  the  peridotite. 


8iO, 

A1.0,.... 
Fe,0,  ... 

FeO 

MgO.... 

CaO 

Na,0 

K,0 

H,0, 110*>. 

H,0,ign., 
TiO, 

PA-.-.. 

CrA-..-. 
MnO 

CO, 


F. 


60.78 

10.54 

3.27 


1.59 
10.15 

1.41 

2.36 
.85' 

2.32 
.03 
.-09 


.10 
6.29 


99.78 


G. 


60.25 

20.18 

1.53 

3.42 

3.52 

.51 

.39 

3.17 

1.94 

5.17 

.23 

.10 


.10 


100.51 


H. 


41.32 
20.71 
2.59 
5.46 
1.91 
9.91 
7.19 
.88 


8.78 
.48 
.08 

trace 
.17 
.55 


100.03 


35.53 

18.23 

2.46 

4.81 

2.01 

21.17 

2.53 

1.08 

1.40 

9.00 

.95 

.08 


.13 
.88 


100.26 


H  was  dried  five  hours  at  110^,  previous  to  analysis. 
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2.   THE  CBTrTENDEN  OGUNTT  DIKE. 

A  mica-peridotite,  described  by  Diller  in  Amer.  Joum.  Sci* ,  3d  series, 
vol.  44,  p.  286.  Contains  biotite,  serpentine,  and  perof  skite,  with  less 
apatite,  muscovite,  magnetite,  calcite,  chlorite,  and  some  other  second- 
ary products.    P.  R.  C.  800. 

A.  The  rock  described  by  Diller.  Analysis  by  W.  F.  Hillebrand, 
record  No  1241. 

B.  An  unpublished  analysis  of  probably  the  same  rock,  from  a  shaft 
40  feet  deep  at  Marion.  Collected  by  J.  B.  Procter,  analyzed  by  L.  O. 
Eakins,  record  number  965. 


SiO, . . 
MO.. 
Fe,Oa. 
FeO., 
MgO. 
CaO.. 
Na,0. 
K,0.. 
H,0.. 
TiO,., 

PA- 
Cr.O,. 

MnO. 

NiO.. 

CoO.. 

BaO.. 

01.... 

00,.. 

so, .. 


A. 


33.84 

5.88 

7.04 

5.16 

22.96 

9.46 

.33 

2.04 

7.50 

3.78 

.89 

.18 

.16 

.10 

trace 

.06 

.05 

.43 

99.86 


B. 


34.50 

14.87 

2.85 

4.46 

21.81 

11.43 

.51 

1.50 

7.14 


.77 


.21 
.60 

100.15 
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TENNESSEE. 


Gabbro,  2  miles  south  of  Limestone  Cove,  Unicoi  County.  Col- 
lected by  Arthur  Keith,  who  furnishes  the  petrographic  data.  Analysis 
by  W.  F.  Hillebrand,  record  No.  1707.  Contains  hypersthene,  Dla- 
gioclase,  and  magnetite. 


8iO, 

A1.0. 

Fe^, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO**.... 
H,0  above  llO** 
TiO, 

PA 


48.11 

14.74 

2.54 

11.86 

6.10 

6.72 

2.92 

1.92 

.27 

1.73 

3.17 

.44 


ZiO,  .... 

OA  ... 
VA-... 

NiO,  CoO 
MnO.... 

SiO 

BaO 

LijO  .... 
FeS, 


(?) 
.01 

.03 

.03 

.19 

.02 

.04 

trace 

a.  13 


99.96 


a  Equivalent  to  0.07  8.    Awomed  to  be  pyrite,  no  pyrrhotite  being  present 


MISSOURI. 

Granite  and  porphyry,  6  miles  east  of  Ironton.  Described  by 
Haworth  in  Mo.  Geol.  Survey,  vol.  8,  Annual  Report,  pp.  140,  180, 
and  213.     Analyses  by  W.  H.  Melville,  record  No.  1206. 

A,  B.  Granite.    A,  P.  R.  C.  1027;  B,  P.  R.  C.  1028. 

C,  D.  Porphyry.    C,  P.  R.  C.  1029;  D,  P.  R.  C.  1030. 

Rocks  composed  principally  of  orthoclase  and  quartz,  with  some 
microcline,  plagioclase,  and  biotite,  and  minor  accessory  minerals. 
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SiO, 

Auo. : 

Fe,0. 

FeO 

MgO 

CaO 

Na,0 

K,0.... 

HjOatlOO'... 
H,0  above  100' 

TiO, '... 

P,0( 

NiO 

MnO 


A. 

fi. 

C 

t>. 

68.94 

72.36 

71.33 

71.88 

15.19 

13.78 

12.65 

12.88 

1.88 

1.87 

3.75 

3.06 

.60 

.36 

.85 

1.06 

.92 

.42 

.58 

.33 

1.16 

.87 

.94 

1.13 

a96 

4.44 

4.52 

4.21 

4.29 

4.49 

4.20 

4.46 

.14 

.22 

.12 

.17 

.86 

.64 

.30 

.26 

.25 

.44 

.65 

.22 

.13 

.13 

.16 

.16 

trace 

.20 

.15 

.02 

.03 

.06 

.04 

trace 

99.32 

99.87 

100.04 

99.81 

ARKANSAS. 

Ouachitite,  dike  near  Maple  Spring,  i  miles  southwest  of  Hot 
Springs.  Described  by  Kemp,  in  Ann.  Rep.  Geol.  Survey  Arkansas,  , 
1890,  vol.  2,  p.  399.  A  dike  rock  of  the  monchiquite  group.  Containa 
abundant  and  conspicuous  augite  and  biotite,  magnetite,  and  minor 
accessory  minerals  in  a  groundmass  considered  by  Kemp  as  glass. 
Caicite  and  other  secondary  products  are  also  present.  According  to 
Pirsson,  Joum.  Geol.,  vol.  4,  p.  679,  the  so-called  "glass"  in  the  moD- 
chiquites  is  really  aoalcite.    Analysis  by  L.  G.  Eakins,  rocord  No.  1023. 


A.  Qimrtz-pantellarite, 
County.     Description  *■" 
claae,  augite,  and  j — *" 
a  brown  bornbleu^ 
quartz.     Mat      '" 
Analysis  by 
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The  following  rocks  from  Uvalde  County  were  collected  by  T.  Way- 
land  Yaughan.  Petrographic  data  furnished  by  Whitman  Cross. 
Analyses  by  W.  F.  Hillebrand,  record  No.  1681. 

B.  Plagioclase-basalt,  Pinto  Mountain,  Brackett  quadrangle.  Con- 
tains olivine,  augite,  plagioclase  (labradorite),  biotite,  a  very  little 
alkali  feldspar  (}),  magnetite,  and  apatite.  Sp.  gr.  3.118,  20^.  P.  U. 
C.  1067. 

C.  Basanite,  Mount  Inge,  Uvalde  quadrangle.  Contains  sanidine, 
nephelite,  hornblende,  augite,  segirine  augite,  olivine,  magnetite,  apa- 
tite, and  a  trace  of  pyrite.     Sp.  gr.  2.770,  20^.     P.  R.  C.  1069. 

D.  Rock  of  basaltic  habit,  allied  to  C,  1  mile  northeast  of  Big 
Mountain,  Uvalde  quadrangle.  Contains  alkali  feldspar,  augite,  mag- 
netite, and  variable  amounts  of  olivine,  nephelite,  segirite,  biotite,  and 
zeolitic  minerals.     Sp.  gr.  2.742,  23°.     P.  R.  C.  1068. 


SiO, 

MO, 

Fe,0, 

FeO 

-MgO 

CaO 

Na,0 

K,0 

HjOatllO**..-. 
H,0  above  110*» 
TiOa 

PA 

ZrO, 

0,0, 

V,0, 

NiO 

MnO 

SiO 

BaO 

Li,0 

8 


SQ|. 
CI.. 
F.. 


LessO. 


68.71 

13.45 

6.31 

.75 

.19 

.96 

4.63 

5.51 

.13 

.36 

.21 

.04 


B» 


.14 
none 
none 
none 


.05 


100.44 


45.11 

a  12. 44 

2.67 

9.36 

11.56 

10.61 

3.05 

1.01 

.16 

.78 

2.34 

.51 

(?) 


c. 


.04 

.04 

.22 

trace 

trace 

none 

.01 


.11 
nndet 


100.02 
.02 


100.00 


48.13 

18.44 

3.41 

4.30 

3.06 

5.89 

8.00 

3.80 

.18 

1.59 

1.74 

.49 

.05 

none 


.02 
.19 
.10 
.10 
trace 
.09 


.29 
.06 


99.93 
.09 


99.84 


D. 


48.23 

17.43 

2.77 

5.92 

2.99 

6.38 

6.87 

2.78 

.54 

2.84 

2.00 

.69 

.04 

none 

.04 

trace 

.18 

.08 

.08 

trace 

.08 


.03 
ondet. 


99.97 


alDc2QdiiigCr,0^ 
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E.  Phonolite,  hill  between  Black  and  Big  mountains,  Uvalde  quad- 
rangle. Contains  sanidine,  nephelite,  and  sBgirite,  and  very  little 
brown  hornblende,  augite,  and  magnetite.  Sp.  gr.  2.659,  19.5°.  P. 
R.  C.  1070. 

F.  The  portion  of  E  soluble  in  1:40  dilute  nitric  acid. 

6.  Nepheline-basalt,  Tom  Munns  Hill,  Uvalde  quadrangle.  Con- 
tains olivine,  augite,  nephelite,  magnetite,  and  apatite.  Sp.  gr.  3.148, 
19°.     P.  R.  C.  1065. 

H.  The  portion  of  G  soluble  in  1:40  dilute  nitric  acid. 


E. 

F. 

0. 

H. 

SiO, 

54.42 

20.76 

2.64 

1.33 

.22 

1.34 

10.41 

4.89 

.22 
2.50 

.40 

.11 

.16 
none 
none 

.15 
trace 

.04 
trace 

.01 

26.90 
14.34 

40.32 

a9.46 

4.75 

7.48 

18.12 

10.55 

2.62 

1.10 

.57 

1.25 

2.66 

.68 

none 

12.27 
6.09 

A1,0. 

Fe,0. 

FeO 

.60 

(?) 
.30 

8.32 

1.22 

(?) 
(?) 

.11 

2.83 
6.48 
1.46 
2.39 
.93 

(?) 
(?)   • 

MffO 

CaO 

Na,0 

K,0 

H,OatllO*» 

H,0  above  110° 

TiO, 

P.O. 

.68 

ZiO, 

Cr,0. 

Nib 

.06 
.25 
.03 
.06 
trace 
.01 
.03 
.05 
.04 

MnO 

SrO 

BaO 

LUG    

s 

80,    

CI    

.23 
none 

F 

LeesO 

99.82 
.05 

51.79 

100.09 
.03 

33.12 

99.77 

100.06 

a  Including  CrtOg 
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I.  Nepheline-basalt,  Black  Mountain,  LTvalde  quadrangle.     Contains 

ivine,  augite,   nephelite,   magnetite,  and  apatite.     Sp.   gr.  3.2(X), 

.5°.     P.  R.  A.  1066. 

J.  The  portion  of  I  soluble  in  1:40  dilute  nitric  acid. 

K.  Augite  from  1.     Violet  in  color,  very  pure. 

L.  Nepheline-melilite-basalt,   from    about    3    miles  southwest    of 

vulde.     Contains    nephelite,    melilite,    olivine,   augite,   magnetite, 

id  apatite.     Sp.  gr.  3.160,  20. 6°.     P.  R.  C.  1064. 

M.  The  portion  of  L  soluble  in  1:40  dilute  nitric  acid* 


• 

L 

J. 

K. 

L. 

M. 

SiO, 

39.92 

8.60 

4.40 

8.00 

20.17 

10.68 

1.91 

1.03 

.43 

1.46 

2.70 

.51 

none 

.14 

.04 

.06 

.24 

.04 

.06 

trace 

12.00 
5.15 

45.23 

7.73 

2.95 

4.07 

12.25 

23.37 

.47 

.12 

1        .37 

4.28 
none 

37.96 

10.14 

3.69 

7.59 

14.69 

16.28 

2.18 

.69 

.39 

1.82 

2.93 

1.13 

none 

.08 

.05 

.04 

.22 

.05 

.06 

trace 

.03 

.04 

trace 

.07 

19.32 
7.12 

ALO, 

Fe,Oa 

FeO 

3.38 
7.16 
1.33 
1.77 
.77 

(?) 
(?) 

3.16 
6.52 
7.75 
2.11 
.67 

(?) 

(?) 
trace 

1.13 

MgO 

CaO 

Na,0 

K-0 

H,OatllO*» 

H,0  at  above  110*»... 
TLO 

P.Oft 

.51 

ZiO, 

Cr.O. 

v.o. 

NiO 

.05 

.07 

none 

none 

trace 

MnO 

SrO 

BaO 

Ufi 

80, 

S 

trace 

trace 

.07 

01 

F 

LessO 

100.45 
.03 

32.07 

100.96 

100.13 
.03 

47.78 

100.42 

100.10 

' 
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LAKE  SUPERIOR  REGION. 
1.   MARQUETTE   BEGION,   MICHIGAN. 

Rocks  mostly  described  by  Van  Hise  and  Bayley.  When  not  other- 
wise specified  the  descriptions  have  been  published  in  Mon.  XXVIII,' 
and  partly  in  15th  Ann.,  p.  485. 

A.  Peridotite,  near  Opin  Lake,  E.  i  sec.  27,  T.  48  N.,  R.  27  W. 
Contains  diallage,  olivine,  magnetite,  and  plagioclase.  The  diallage 
is  partly  chloritized,  and  the  olivine  is  partly  serpentinized.  Analysis 
by  W.  F.  Hillebrand,  record  No.  1452.     P.  R.  C.  996. 

B.  Altered  greenstone,  Marquette  district.  Analysis  "by  Greorge 
Steiger,  record  No.  1586,  hitherto  unpublished.     P.  R.  C.  988. 

C.  Grunerite-magnetite-schist,  sec.  11,  T.  47  N.,  R.  27  W.  Mainly 
impure  grunerite,  with  magnetite  and  quartz.  Analysis  by  W.  E 
Melville,  record  No.  1403.     P.  R.  C.  984. 

D.  Like  C,  from  sec.  18,  T.  47  N.,  R.  28  W.  Analysis  by  Melville, 
record  No.  1403.     P.  R.  C.  980. 

E.  Like  C  and  D,  from  sec.  20,  T.  46  N.,  R.  30  W.  Analysis  by 
H.  N.  Stokes,  record  No.  1546.  C,  D,  and  E  are  similar  schists,  and 
alike  in  mineralogical  composition. 


SiO, 

AljO, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatUO**.-. 
H,0  above  110* 
TiOa 

PA 

CrA 

MnO 

NiO 

CuO 

SrO 

BaO 

00, 

SO, 


A. 


39.37 

4.47 

4.96 

9.13 

26.53 

3.70 

.50 

.26 

.87 

7.08 

.66 

.17 

.68 

.12 

.21 


trace 

trace 

1.23 


99.94 


B. 


48.85 

15.83 

2.50 

10.79 

5.82 

6.20 

2.79 

1.31 

.27 

3.77 

1.28 

.22 


.11 


.09 
none 
none 

.06 

99.89 


c. 


46.94 

.66 

4.51 

33.72 

6.64 

3.22 

.16 


} 


.67 

none 
.07 


.31 


2.79 


99.69 


49.70 
1.36 
3.10 

37.19 

5.72 

.68 

trace 


} 


1.40 


.12 


.93 


100.19 


.42 

none 

.07 


1.01 
none 
trace 
none 
none 
none 


100.03 
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F.  Green  schist,  sec.  34,  T.  48  N.,  R.  27  W.,  near  center  of  section, 
ontains  plagioclase,  chlorite,  and  quartz.  Analysis  by  George  Stei- 
er,  record  No.  1447.     P.  R.  C.  986. 

G.  Sericite-schist  associated  with  the  preceding.  Mainly  sericite 
ad  quartz.     Analysis  by  Steiger,  No.  1447.     P.  R.  C.  985. 

H.  Dark-gray,  foliated  schist,  SE.  corner  of  sec.  30,  T.  47  N.,  R. 
0  W.  Contains  quartz,  plagioclase,  orthoclase,  and  biotite.  Analysis 
y  Steiger,  No.  1525.     P.  R.  C.  991. 

I.  Schistose  gneiss,  NW.  i  of  sec.  35,  T.  47  N.,  R.  26  W.  Contains 
uartz,  kaolin,  sericite,  plagioclase,  chlorite,  magnetite,  and  apatite. 
LDalysis  by  Steiger,  No.  1525. 

J.  Novaculite  from  Marquette.  Described  by  Williams  in  Bull.  62. 
lontains  quartz  and  sericite.  Analysis  by  W.  F.  Hillebrand,  record 
ID.  759. 


8iO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatlOO*»... 
H,0  above  100^ 
TiO, 

PA 

MnO 

Li,0 

CX), 


F. 


61.35 
16.45 
.94 
4.20 
3.12 
3.46 
5.24 

i.a5 

.10 

2.51 

.26 

.18 


G. 


1.98 


•100.84 


70.76 

14.83 

1.46 

3.09 

1.99 

.36 

.47 

3.50 

.09 

2.70 

.33 

.26 


99.84 


H. 


63.50 

17.89 

1.12 

5.38 

1.22 

2.34 

2.55 

2.43 

.22 

2.04 

.62 

.19 

trace 


99.50 


I. 


82.38 

11.32 

.97 

.26 

.17 

.22 

.59 

1.04 

.18 

2.33 

.14 

.09 

none 


J. 


} 


99.69 


76.99 

13.92 

.45 

.rr 

1.12 
.32 
.56 

3.65 

2.35 


trace 
trace 
trace 


100.13 


Bull  168- 
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2.    CRYSTAL   FALLS  DISTRICT,  MICHIGAN. 

Rocks  described  by  J.  Morgan  Clements  and  H.  L.  Smyth,  in  Mo 
XXXVI.  A,  B,  C,  and  D  by  Smyth,  p.  274.  Analyses  by  H.  ] 
Stokes,  I'ecord  No.  1721. 

A.  Granite,  sec.  2,  T.  41 N.,  R.  30  W.  Contains  quartz,  orthoclag 
microcline,  plagioclase,  biotite,  muscovite,  magnetite,  hematite,  tita 
ite,  and  occasional  apatite. 

B.  Gneiss,  sec.  35,  T.'42  N.,  R.  29  W.     Same  minerals  as  in  A. 

C.  Mica-schist,  sec.  35,  T.  42  N.,  R.  29  W.  Contains  biotite,  quad 
some  microcline,  and  magnetite. 

D.  Amphiboiite,  sec.  32,  T.  42  N.,  R.  28  W.  Contains  homblend 
plagioclase,  biotite,  and  quartz,  with  a  little  rutile  and  magnetite. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatUO**..., 
H,0  above  110*» 
TiOfc 

PA 

MnO 


A. 

B. 

C. 

76.10 

74.37 

64.71 

12.95 

13.34 

16.43 

.65 

.92 

1.83 

.09 

.21 

3.84 

.14 

.27 

2.97 

.12 

.50 

.08 

2.36 

2.50 

.11 

6.50 

6.70 

5.63 

.17 

.12 

.31 

.4S 

.44 

2.79 

.07 

.07 

.72 

.02 

.01 

.02 

trace 

trace 

trace 

99.65 

99.45 

99.44 

D. 


50.36 

13.26 

6.30 

9.34 

5.55 

7.85 

2.11 

1.14 

.16 

1.55 

1.77 

.20 

trace 


99.59 


Ba,  8r,  a,  F,  8,  SOj  not  looked  for. 
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The  following  rocks,  with  one  exception,  are  described  by  Clements 
in  his  portion  of  Mon.  XXXVI: 

E.  Mica-diorite,  sec.  28,  T.  42  N.,  R.  32  W.,  southeast  of  Crystal 
Falls.  Contains  plagioclase  (andesine),  orthoclase,  quartz,  biotite, 
hornblende,  and  titaniferous  magnetite.  Analysis  by  Stokes,  record 
No.  1721. 

F.  Homblende-gabbro,  sec^  29,  T.  42  N.,  R.  31  W.,  west  bank  Michi- 
gamme  River,  east  of  CrystaljFalls.  Contains  labradorite,  hornblende, 
and  iron  oxide,  with  subordinate  pyroxene,  biotite,  and  orthoclase. 
Analysis  by  George  Steiger,  record  No.  1712. 

G.  Bronzite-norite,  same  locality  as  F.  Contains  bronzite,  horn- 
blende, and  labradorite.     Analysis  by  Steiger,  record  No.  1712. 

H.  Wehrlite,  sec.  29,  T.  42  N.,  R.  31  W.,  on  Michigamme  River, 
east  of  Crystal  Falls.  Contains  hornblende,  pyroxene,  olivine,  biotite, 
and  iron  oxide.     Analysis  by  Stokes,  record  No.  1721. 

I.  Picrite-porphyry,  sec.  27,  T.  44  N.,  R.  32  W.,  northwest  of  Mans- 
field. Principal  minerals  serpentine,  amphibole,  chlorite,  ilmenite, 
all  but  the  last  being  secondary.  Analysis  by  Stokes,  record  No. 
1721. 


SiO, 

AIA 

FcjOs 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOat  llO**... 
H,0  above  110^ 
TiO, 

PA 

CrA 

MnO 

NiO 

00, 


E. 


58.51 

16.32 

2.11 

4.43 

3.73 

3.92 

3.11 

4.08 

.23 

2.00 

.72 

.30 


trace 


none 


99.46 


F. 


49.80 

19.96 

6.32 

.49 

7.05 

11.33 

2.22 

.61 

.13 

1.71 

.79 

.07 


.15 


100.63 


G. 


48.23 

18.26 

1.26 

6.10 

10.84 

9.39 

1.34 

.73 

.26 

2.00 

1.00 

.07 


.43 


99.91 


H. 


I. 


44.^99 

5.91 

3.42 

8.30 

21.02 

9.79 

.91 

.74 

.63 

3.19 

.97 

.05 

.25 

trace 


trace? 


99.17 


37.36 

4.76 

6.61 

6.12 

31.11 

1.19 

trace 

trace 

.65 

10.37 

.79 

.06 

.62 

trace 

.04 

none 


99.68 


Ba,  Sr,  a,  F,  &,  80.  not  looked  for. 
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J.  Pre-Oambrian  nonporphyritic  metabasalt,  from  the  Hemlock 
formation.  Contains  plagioclase,  light-green  hornblende,  epidote- 
zoisite,  chlorite,  calcite,  muscovite,  apatite.,  sphene,  quartz,  pyrite, 
and  magnetite. 

EL  Porphyritic  metabasalt,  Hemlock  formation.  Same  minerals 
88  in  J,  with  feldspar  phenocrysts. 

L.  Porphyritic  metabasalt,  like  BL 

M.  Metadolerite,  large  dike  in  T.  43  N.,  R.  31 W.,  east  of  Mansfield 
Hitherto  unpublished.  Petrographic  data  furnished  by  C.  B.  Van 
Hise.    Contains  uralite,  labradorite,  and  ilmenite. 

Analyses  J,  K,  and  L  by  H.  N.  Stokes,  record  No.  1617. 

Analysis  M  by  Greorge  Steiger,  record  No.  1814. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO*»... 
H,0  above  IW 
TiOa 

PA 

V,0, 

CrA 

MnO 

CuO 

SiO 

BaO 

LijO 

CO, 

S 


J. 


46.47 

16.28 

3.15 

8.96 

6.66 

7.90 

3.64 

.21 

.28 

3.89 

1.28 

.13 


K. 


47.20 

15.36 

3.06 

8.87 

4.20 

5.05 

4.72 

1.40 

.16 

3.04 

3.30 

.36 


.01 

none 

.09 

.20 

trace 

trace 

none 

trace 

none 

trace 

trace 

trace 

1.26 

3.34 

none 

trace 

trace 

trace 

100.11 


100.26 


52.59 

15.89 

6.12 

3.96 

5.04 

5.55 

5.79 

.67 

.16 

2.16 

1.36 

.15 

.04 

trace 

.25 

trace 

none 

trace 

none 

none 

none 

trace 

99.73 


44.29 

17.46 

3.82 

10.35 

7.03 

8.68 

2.19 

.71 

.21 

4.11 

1.40 

.20 


trace 


none 


100.45 
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N.  Adinole,  sec.  8,  T.  43  N.,  R.  31  W.,  near  Mansfield.    Contains 

tinolite,  albite,  quartz,  some  chlorite,  and  epidote.     Analysis  by 

eorge  Steiger,  record  No.  1709. 

O.  Spilosite.     Contains  quartz,  feldspar,  chlorite,  epidote,  and  a 

ttle  biotite. 

P.  Spilosite.     Contains  quartz,  feldspar,  actinolite,  and  epidote. 

Analyses  O  and  P  by  H.  N.  Stokes,  record  No.  1617.    These  three 

»cks  are  contact  derivatives  of  the  Mansfield  clay  slate,  q.  v. 


SiO, 

MO, 

Fe,0, , 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO*»  ... 
H,0  above  110*», 
TiO, 

PA 

MnO 

SrO 

BaO 

VA 

Ii,0 

00, 

0 

F 


N. 


74.16 

11.85 

.82 

1.66 

2.10 

2.10 

6.57 

.15 

.05 

.52 

.37 

.08 

.06 

none 

none 


.09 
.18 


100.76 


o. 


52.51 

19.00 

3.31 

7.19 

3.29 

1.55 

6.72 

.70 

.3^ 

3.26 

1.70 

.15 

trace 

trace 

trace 


trace 
none 


trace 


99.72 


p. 


57.77 

19.33 

1.29 

3.37 

4.35 

1.71 

8.22 

.22 

.18 

2.34 

.92 

.04 

trace 

trace 

none 

.02 

none 

none 


none 


99.76 
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3.    MENOMINEE   RIVER. 


1st.  sturokox  falls  gabbro. 


From  Sturgeon  Falls.  Menominee  River,  sec.  27,  T.  39  N.,  R.  29  W., 
Michigan.     Described  by  Williams,  Bull.  62,  p.  67. 

A.  Saussurite-gabbro.  Contains  plagioclase,  almost  wholly  altered 
to' saussurite,  diallage,  hornblende,  and  ilmen'te,  with  quartz,  calcite, 
and  chlorite  as  alteration  products. 

B.  The  same,  altered  and  somewhat  schistose.  Feldspar  much 
altered  into  calcite,  with  secondary  quartz  and  sericite;  pyroxene  and 
hornblende  changed  to  chlorite.     Leucoxene  common. 

C.  Light-gray,  silvery  schist,  derived  from  gabbro.  Contains  chlo- 
rite, calcite,  and  a  little  quartz,  with  remnants  of  feldspar,  and  some 
leucoxene.  Analyses  by  R.  B.  Riggs,  record  Nos.  389, 390, 391.  Mate- 
rial dried  at  105^.     TiOo  undetermined. 


A. 


SiO,.. 

AlA- 
Fe,0,. 

FeO.. 

MgO. 

CaO., 

Na,0. 

K,0. 

H,0.. 

CO,  .. 


51.46 

14.35 

3.90 

5.28 

9.54 

9.08 

2.92 

.24 

3.30 

.20 

100.27 


B. 


38.05 

^.73 

5.65 

6.08 

11.58 

1.25 

2.54 

1.94 

7.53 

.93 

100.28 


c. 


45.70 
16.53 
4.63 
3.89 
9.57 
4.28 
.55 
3.82 
4.70 
5.95 

99.62 
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2d.  lower  quinnbbec  palls,  henominbe  river. 

Described  by  Williams,  Bull.  62,  pp.  89,  91. 

A.  Grabbro-diorite,  shore  below  falls,  Wisconsin  side.  Contains 
ftussurite,  hornblende,  and  ilmenite.  Some  calcite  in  the  saussurite. 
lornblende  partly  altered  to  chlorite  and  ilmenite  to  leucoxene. 

B.  The  same,  schistose  form.  Contains  less  saussurite.  Hornblende 
nd  ilmenite  completely  altered  into  chlorite  and  leucoxene.  Calcite 
»resent,  and  also  porphyritic  feldspar. 

C-  Silvery  schist,  adjoining  B,  and  derived  from  gabbro.  Resembles 
( in  general,  without  the  feldspar  crystals.  Calcite  and  sericite  are 
•resent,  and  rutUe  in  place  of  leucoxene. . 

D.  Dark,  massive  greenstone.  Contains  hornblende,  chlorite,  epi- 
ote,  quartz,  leucoxene,  with  some  ilmenite  and  traces  of  original 
eldspar. 

E.  Dark,  schistose  greenstone,  forming  a  band  in  D.  Chlorite 
ntirely  replaces  hornblende,  and  rutUe  replaces  leucoxene.  Some 
eldspar,  quartz,  and  calcite. 

Analyses  by  U.  B.  Riggs,  record  Nos.  384, 385, 386, 387, 388.  Mate- 
ial  dried  at  105^. 


A. 


47.96 

16.  S5 

4.33 

4.17 

9.15 

13.25 

1.25 

.30 

2.89 

.08 

100.23 


B. 

C. 

D. 

E. 

49. 19 

46.21 

43.80 

44.49 

18.71 

18.38 

16.08 

16.37 

5.03 

3.30 

9.47 

5.07 

4.04 

3.90 

10.50 

5.50 

7.98 

7.03 

6.54 

7.50 

^5.92 

6.28 

7.81 

7.94 

1.44 

2.14 

1.96 

2.59 

.77 

.35 

.34 

.56 

5.05 

3.82 

3.99 

4.99 

1.82 

8.32 

.08 

5.38 

99.95 

99.73 

100.57 

• 

100.39 
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3d.  upper  quinnbsec  palla,  menomineb  river. 

Described  by  Williams,  Bull.  62,  pp.  104, 113, 114, 121. 

A.  Light  greenstone.  Contains  hornblende,  feldspar  much  altered 
to  saussurite,  Umenite  with  leucoxene  border,  and  some  secondary 
quartz. 

B.  Mica-diorite-porphyry.  Mainly  andesitic  feldspar  and  biotite, 
with  apatite,  zircon,  sphene,  and  some  calcite. 

C.  Biotite-gneiss,  Michigan  side.  Contains  biotite,  soda-orthoclase, 
and  quartz.     Sphene  conunon,  zircon  and  apatite  present. 

D.  Schistose  quartz-porphyry.  Contains  quartz,  feldspar,  sericite, 
some  chlorite,  anatase,  and  tourmaline,  with  zircon  and  apatite  sparingly. 

A,  B,  and  D  are  from  the  Wisconsin  side  of  the  river. 
Analyses  by  R.  B.  Riggs,  record  Nos.  392,  393,  394,  395.     Material 
dried  at  105°. 


Al.Oa. 
Fe^Og 
FeC 
MgO. 
CaO.. 
Na,0. 
K,0.. 
H2O.. 
CO2.. 


A. 

B. 

C. 

D. 

48.35 

54.83 

67.' 77 

66.69 

15.40 

25.49 

16.61 

16.69 

4.04 

1.61 

2.06 

2.06 

4.63 

1.65 

1.96 

.93 

11.61 

1.96 

1.26    ' 

1.15 

10.38  . 

6.08 

1.87 

1.40 

1.87 

5.69 

4.35 

2.46 

.35 

1.87 

2.35 

5.23 

3.60 

1.18 

1.69 

1.70 

.08 

.18 

.19 

1.42 

100.  SI 

100.54 

100.11 

99.73 

4th.  schist  from  the  aragon  iron  mine. 


Talcose-schist.  Description,  hitherto  unpublished,  furnished  by*^ 
W.  S.  Bayley.  Analysis  by  George  Steiger,  record  No.  1835.  Con—" 
sists  maiply  of  talc  and  quartz,  with  a  little  limonite  and  other  iron-^ 
oxides. 


i 


8iOa 

AlA 

FoA 

FeO w 

MgO 

CaO 

Alkalies 


49.56 

10.12 

5.87 

.13 
20.53 

.72 
none 


HjOatllO^ 

HjO  above  110°.. 
TiO, ! 

PA 

MnO 

CO, 
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4.    PENOKEE-GOGEBIC  REGION. 

Bocks  mostly  described  by  Van  Hise  in  Mon,  XIX.  Analyses  A  to  G 
r  T.  M.  Chatard,  record  Nos.  991,  992,  993,  994,  905. 

A.  Diabase,  near  SE.  corner  of  sec.  13,  T.  47  N.,  R.  46  W.,  Michi- 
in.  Contains  plagioclase,  augite,  magnetite,  apatite,  and  olivine,  with 
me  ilmenite  and  leucoxene.     P.  R.  C.  1001'. 

B.  Same  dike  as  A,  partly  altered.  The  pyroxene  is  altered  to 
aphibole,  and  the  latter  partly  to  biotite.  Biotite  has  also  been 
irived  from  feldspar.     P.  R.  C.  1000. 

C.  Feldspar  separated  from  A. 

D.  Altered  diabase,  Aurora  mine,  NE.  i  of  SW.  i  of  sec.  23,  T.  47 
,  R.  47  W.,  Michigan.     P.  R.  C.  1002. 


SiO, 

AlA 

FeA 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oatl05°.... 
H,0  above  105° 

TiOg 

PA 

CrA 

MnO 

NiO 

BaO 

CO, 


A. 


47.90 

15.60 

3.69 

8.41 

8.11 

9.99 

2.05 

.23 

.15 

2.34 

.82 

.13 

trace 

.17 

.10 

.05 

.38 


B. 


46.85 

22.62 

5.12 

1.58 

2.01 

*1.25 

.80 

2.66 

3.12 

8.25 

1.12 

.16 


100.12 


2.54 
.08 
.10 

1.89 


100.15 


c. 


} 


51.18 

27.00 

3.19 

undet. 

1.92 

11.70 

3.48 

.41 

1.19 


.17 


100.24 


D. 


41.60 
37.20 
3.21 
.30 
.02 
.23 
.07 


.29 

13.54 

3.79 

.14 


.08 


trace 
.38 


100.85 
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E.  Feldspar  separated  from  gabbro,  southern  half  of  sec.  14,  T.  44 
N.,  R.  4  W.,  Wisconsin. 

F,  G.  Feldspars  separated  from  oliyine-diabase,  NE.  i  of  sec  13, 
T.  45  N.,  R.  1  W.,  Wisconsin. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 * 

H,Oatl05*> 

H,0  above  lOS** 

MnO 


E. 


51.99 

29.32 

1.23 

.es 

12.60 

2.91 

.28 

.03 

.54 

traoe 

99.53 


F. 


} 


61.65 

19.91 

2.28 

undet 

.61 

4.12 

4.74 

5.72 

.95 

traoe 

99. 98 


G. 


56.15 

26.05 

1.98 

undet 

.54 

8.70 

4.79 

1.56 

.13 

.64 

.13 

100.67 
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The  following  analyses,  by  W.  F.  Hillebrand,  of  separations  from 
le  gabbro  of  Ashland  County,  Wisconsin,  were  made  for  the  late  R. 
'.  Irving,  but  were  never  published  by  him: 
H.  Magnetite,  record  No.  687.     Partial  analysis. 

I.  Feldspar,  record  No.  688. 

J.  Diallage,  record  No.  686. 

For  convenience  I  also  include  here,  although  it  is  decidedly  out  of 
assification — 

K.  Graywacke,  Hurley,  Wisconsin,  Described  by  Bayley  in  Bull. 
)0,  p.  84.  Analysis  by  H.  N.  Stokes,  record  No.  1314.  Contains 
lartz,  feldspars,  iron  oxides,  and  probably  kaolin.  In  the  cement 
•e  chlorite,  quartz,  magnetite,  pyrite,  rutile,  occasionally  biotite,  and 
ther  muscovite  or  kaolin.     P.  R.  C.  20. 


H. 

I. 

J. 

K. 

SiO, 

53.30 

29.03 

.55 

a 

.23 

.13 

11.40 

4.87 

.40 

.23 

trace 

trace 

none 

trace 

trace 

none 

49.80 

2.86 

2.48 

10.82 

15.33 

16.50 

.51 

.12 

.33 

1.29 

trace 

.37 

none 

none 

trace? 

76.84 

11.76 

.55 

2.8: 

1.39 

.70 

2.57 

L62 

1.87 

ALO, 

Fe,0. 

50.29 
30.70 

FeO 

MgO 

CaO 

Na-O 

K,0 

H,0 

TiO, 

8.77 

P.Os 

MnO 

trace 

SiO 

BaO 

« 

Ufi 

* 

89.46 

100.14 

100.41 

100.18 
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5.    BOCKS  OF  PIGEON   POINT,  MINNESOTA. 

Described  by  Bayley  in  Bull.  109.  Also  partially  in  Amer.  Jouiil 
Sci.,  Sd  series,  vol.  37,  p.  54.  A  and  B  are  also  described  in  BulL 
150,  p.  274. 

A.  Olivine  diabase.  Contains  labradorite,  olivine,  pyroxene,  apatite, 
and  magnetite.    Analysis  by  W.  F.  Hillebrand,  record  No.  496. 

B.  Diallage  separated  from  diabase.  Partial  analysis  by  R.  B.  Riggs, 
record  No.  607. 

C.  Rock  lying  between  the  diabase  and  the  adjacent  red  porphyry. 
Contains  red  feldspar,  quartz,  hornblende,  chlorite,  magnetite,  apatite, 
and  rutile.  Analysis  by  W.  F.  Hillebrand,  record  No.  500.  P.  R.  C. 
1018. 


SiO,- 

Fe,03 

FeO. 

MgO 

CaO. 

Na,0 

K,0. 

H,0. 

TiOg 

PA 
ZrO, 

MnO 

SrO. 

BaO. 

LijO 

a... 


A. 


49.  SS 

18.55 

2.06 

8.37 

6.77 

9.72 

2.59 

.68 

1.04 

1.19 

.16 

none 

.09 

trace 

.02 

none 

trace 


100.12 


B. 


48.34 
2.90 
4.68 
14.16 
11.34 
16.10 


1.98 


98.49 


57.98 

13.58 

3.11 

8.68 

2.87 

2.01 

3.66 

3.44 

»2.47 

1.75 

.29 


.13 
trace 

.04 
trace 
trace 


99.91 
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D.  Red  soda-granite.  Contains  feldspar,  quartz,  chlorite,  some  mus- 
covite,  rutile,  leucoxene,  hematite  and  apatite,  with  sometimes  second- 
ary calcite.  Oranular  variety.  Analysis  by  W.  F.  Hillebrand,  record 
No.  495.     Dried  at  110°. 

E.  Same  as  D,  porphyritic  variety.  Called  by  Bayley  a  quartz- 
keratophyre.     Analysis  by  Hillebrand,  record  No.  497. 

F.  Similar  red  porphyry.  Little  Brick  Island,  Lake  Superior,  near 
Pigeon  Point.  Consists  chiefly  of  feldspar  and  quartz,  with  augite 
occasionally  present     Analysis  by  L.  G.  Eakins,  record  No.  1059. 

6.  Red  feldspar,  anorthoclase,  separated  from  D.  Contains  hema- 
tite inclusions.  Analysis  by  J.  E.  Whitfield,  record  No.  521.  Dried 
at  104^. 


SiO,. 

AlA 
Fe,0, 

FeO. 

MgO 

CaO. 

Na,0 

K,0. 

H,0. 

TiO,. 

PA- 
MnO 

SrO. 

BaO. 

Li,0 

a... 


D. 

E. 

72.42 

74.00 

13.04 

12.04 

.68 

.78 

2.49 

2.61 

.58 

.42 

.66 

.85 

3.44 

3.47 

4.97 

4.33 

1.21 

.86 

.40 

.34 

.20 

.06 

.09 

.05 

trace? 

trace 

.15 

.12 

trace? 

trace? 

trace 

trace 

100.33 

99.93 

F. 


73.70 

12.87 

3.76 

.31 

.11 

.14 

3.63 

4.56 

.57 

.12 

trace 

.07 


G. 


99.84 


65.00 

18.22 

2.64 


.06 
1.06 
8.40 
4.18 

.46 


100.02 
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H.  Dark  vitreous  quartzite.  Contains  quartz,  a  little  red  feldspar, 
some  chlorite,  some  green  mica,  a  few  scales  of  biotite,  and  grains  of 
magnetite.     P.  R.  C.  1007. 

I.  Lighter  interbedded  quartzite.     Feldspar  in  it  much  altered. 
P.  R.  C.  1004. 

J.  Epidotic  quartzite.     P.  R.  C.  1023. 

K.  Unaltered  quartzite.    P.  R.  C.  1006. 

Analyses  by  R.  B.  Riggs,  record  Nos.  569,  571,  572,  575.  Materisl 
dried  at  105^. 


SiO,-. 

A1,0, 

Fe,Os 

FeO., 

MgO 

OaO.. 

Na,0 

K,0. 

Ign  . 

TiO, 

MnO 


Ba  and  Sr  not  looked  for. 


H. 

I. 

J. 

74.22 

73.65 

73.14 

10.61 

0 

11.08 

12.60 

7.45 

7.24 

7.67 

.85 

.77 

1.31 

1.48 

1.62 

1.67 

.66 

.40 

.43 

2.12 

1.67 

1.78 

1.08 

1.65 

1.00 

1.79 

1.88 

.83 

.16 

trace? 

.04 

none 

trace 

trace 

100.32 

1 

99.86  . 

100.37 

100.54 
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L.  Altered  quartzite.  Contains  more  fibrous  chlorite,  some  sericite, 
a  little  kalin  and  biotite,  grains  of  magnetite,  earthy  matter,  and  some- 
times a  little  calcite.  Analysis  by  R.  B.  Biggs,  record  No.  570.  P.  R. 
C.  1009. 

M.  Mottled  quartzite.  Analysis  by  Riggs,  record  No.  578.  P.  R. 
C.  1021. 

N.  Purplish  slate,  containing  many  small  crystals  of  red  feldspar  and 
scales  of  mica.  Analysis  by  J.  E.  Whitfield,  record  No.  520.  P.  R. 
C.  1024. 

O.  Very  slightly  altered  slate.  Analysis  by  Riggs,  record  No.  576. 
P.  R  C.  1011. 

Material  for  analysis  dried  at  104^-105^. 


SiO,.. 
A1,0,. 
Fe,0, 
FeO.. 
MgO. 
CaO.. 
Na,0. 
K,0.. 
H,0-. 
TiO,  . 

PA- 
MnO. 

11,0  . 

SO,.. 


71.00 

12.  S8 

6.69 

.65 
1.68 

.21 
1.43 
2.95 
2.03 

.44 


H. 


trace 


99.96 


72.25 

10.73 

8.01 

.38 

1.85 

.42 

2.03 

2. 66 

2.05 

trace 


trace 


100.28 


N. 


63.82 

14.65 

3.16 

5.12 

2.08 

.70 
1.95 
2.81 
2.62 
2.66 

.19 
none 
none 

.33 


100.09 


o. 


59.71 

18.32 

8.11 

.85 

3.54 

1.05 

1.93 

3.43 

3.24 

trace 


none 


100.18 


Ba  and  Sr  not  looked  for. 
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P.  Red  granitic  rock  resembling  D,  but  with  more  dark  spofei,  found 
in  contact  with  the  purplish  slate,  N.  Consists  mainly  of  red  feldspar, 
quartz,  and  chlorite.  Analysis  by  J.  E.  Whitfield,  record  No.  519. 
Dried  at  104^.     P.  R.  C.  1014. 

Q.  Groundmass  of  red  mottled  quartzite.  Analysis  by  W.  F.  Hille- 
brand,  record  No.  499.     P.  R.  C.  1022. 

R.  Green  mottlings  from  Q,  Mostly  quartz  and  sericite.  Analysis 
by  Hillebrand,  record  No.  498. 

S.  Another  sample  of  the  green  mottlings,  selected  with  especial 
care.     Analysis  by  L.  G.  Eakins,  record  No.  1058. 

T,  Brilliantly  red  vitreous  quartzite.  Analysis  by  R.  B.  Riggs, 
record  No.  574.     Dried  at  105°.     P.  R.  C.  1008. 


• 

p. 

Q. 

R. 

s. 

T. 

SiOa 

68.36 

13.76 

2.65 

2.75 

.68 

.70 
3.56 
4.48 

.98 
1.57 

.33 

76.57 

9.21 

1.67 

3.94 

1.51 

.73 

3.07 

1.02. 

1.89 

.42 

tra€e 

none 

.05 

trace? 

none 

trace 

77.70 
7.67 
3.55 
3.29 
1.83 

.26 

1.96 

1.04 

rt  2. 36 

.30 
none 

83.27 

7.81 

1.99 

1.81 

1.59 

.20 

.19 

1.11 

2.32 

trace 

trace 

83.69 

7.50 

1.81 

.38 

.a5 

.39 

2.46 

2.61 

.72 

trace? 

ALOs 

FcOs 

FeO 

MeO 

CaO 

Na,0 

K,0 

H2O 

TiOj 

P.Or 

ZrO, 

«-•»  V-rj       ............... 

MnO 

• 

trace 
iindet. 
undet. 

none 
.66 

.04 

(?) 
none* 

trace 

tra<^^ 
undet. 
undet. 

SrO 

BaO 

LLO 

SO. 

"^^^o     »•--»»»•-»»•--»• 

1 

100.48 

100.08 

100.00 

100.29 

99.91 

a  Determined  by  diflerence. 
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6.    MISCELLANEOUS   ROCKS   FROM   MINNESOTA. 

A.  Granulitic  hypersthene-gabbro,  from  SE.  i  sec.  20,  T.  65  N.,  R. 
4  W.  Described  by  Bayley,  Journal  of  Geology,  vol.  3,  p.  1.  Con- 
tains hypersthene,  biotite,  diallage,  magnetite,  and  plagicclase.  Poor 
in  feldspar.     Analysis  by  H.  N.  Stokes,  record  No.  1267. 

B.  Hyuersthene  from  A.  Analysis  by  E.  A.  Schneider,  record  No. 
1358. 

C.  Granulitic  diallage-gabbro,  SE.  i  of  NW.  i  of  sec.  26,  T.  64  N., 
R.  8  W.  Described  by  Bayley,  Journal  of  Geology,  vol.  3,  p.  1. 
Contains  diallage,  hypersthene,  magnetite,  and  plagioclase.  Analysis 
by  W.  H.  Melville,  record  No.  1403. 

D.  Olivine-gabbro,  west  side  of  Birch  Lake,  SE.  i  of  sec.  19,  T.  63 
N.,  R.  4W.  Described  by  Bayley,  Journal  of  Geology,  vol.  1,  p.  688. 
Contains  a  large  proportion  of  diallage  and  olivine.  Analysis  by 
Stokes,  No.  1267. 

E.  Olivine  from  D.     Analysis  by  W.  F.  Hillebrand,  record  No.  1308. 


A. 

B. 

c. 

D. 

E. 

SiO,.... 

46.96 

14.13 

.76 

14.95 

15.97 

2.32 

.35 

1.68 

.07 

1.26 

.62 

.03 

trace 

.93 

48.44 

7.91 

.33 

20.88 

19.35 

1.44 

49.56 
17.81 
2.76 
9.48 
5.93 
9.70 
2.87 

45.66 

16.44 

.66 

13.90 

11.57 

7.23 

2.13 

.41 

.07 

.83 

.92 

.05 

trace 

trace 

} 

35.58 
.92 

33.91 

26.86 

.90 

Al.O, 

Fe-Os 

FeO 

MgO 

CaO 

Na,0 

K^O 

' 

H,Oat  105° 

.08 

none 

iindet. 

« 

1        .50 

.48 
.67 

.11 

.20 

1.22 

1 

H,0  above  105° 

TiOa 

P,0s 

Cr.O, 

} 

trace 
.35 

.20 

_ 

MnO 

.92 

.06 

CoO 

NiO 

.06 

.16 

CO- 

trace 

^^'a  ••••••••••-"•"•• 

1 

1 

! 

100.09 

99.35 

99.82 

100.03 

100.25 

Bull.  168 6 
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.F.  Average  gabbro,  south  quarter  post,  sec.  35,  T.  61  N.,  R.  12  W. 
Described  by  Bayley  in  Journal  of  Greology,  vol.  1,  p.  688.  Contains 
plagioclase,  olivine,  pyroxene,  and  magnetite.  Analysis  by  H.  N. 
Stokes,  record  No.  1267. 

G.  Feldspar  from  preceding  gabbro.  Analysis  by  W.  F.  Hille- 
brand,  record  No.  1308. 

H,  Feldspar  from  gabbro,  east  side  of  North  Fowl  Lake.  Analysis 
by  Hillebrand,  No  1308. 

I.  Feldspar  from  gabbro,  NW.  i  of  SE.  i  of  sec.  23,  T.  62  N.,  R.  10. 

J.  Feldspar  from  gabbro,  center  of  sec.  25,  T.  64  N.,  R.  8. 

K.  Feldspar  from  gabbro,  Duluth  and  Iron  Range  Railroad. 

Analyses  I,  J,  and  K  by  Hillebrand,  record  No.  1115. 

H,  I,  J,  and  K  analyzed  for  W.  S.  Bayley,  but  analyses  hitherto 
unpublished. 


F. 

G. 

H. 

I. 

J. 

K. 

SiO, 

46.45 

21.30 

.81 

9.57 

7.90 

9.83 

2.14 

.34 

.14 

1.02 

1.19 

.02 

.04 

trace 

51.89 

29.68 

.32 

.37 

.38 

12.62 

3.87 

.50 

.07 

.39 

62.71 

19.20 

1.08 

.93 

.81 

.44 

2.96 

10.41 
.23 
.92 

trace 

52.50 

30.15 

.47 

.15 

.10 

12.82 

3.72 

.53 

1      .25 
trace 

52.61 

29.80 

.57 

.23 

.20 

12.25 

3.80 

.53 

1        .29 
trace 

53.45 

29.77 

.33 

.15 

.11 

11.33 

4.33 

.68 

}        .23 
trace 

ALOa.i 

Fe,0, 

FeO 

MffO 

OaO 

Na-O 

Ai-IMf-W    ......... 

K,0 

.BA^Vy-    .......... 

H,OatlOO«... 
H,0  above  100° 
TiOj 

P-0& 

NiO 

MnO 

trace 
trace 

trace 

SrO 

100.75 

100.09 

99.69 

100.69 

100.28 

100.38 
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L.  Garnetif  erous  gabbro,  Granite  Falls.  Described  by  W.  S.  Bayley 
in  Bull.  150,  p.  282.  Contains  plagioclase,  augite,  garnet,  magnetite, 
a  little  hornblende,  some  quartz  grains,  and  apatite.  Analysis  by 
H.  N.  Stokes,  record  No.  1296.     Sp.  gr.  3.106.     P.  R.  C.  109. 

M.  Grabbro-diorite,  Minnesota  Falls.  Described  by  Bayley  in  Bull. 
150,  p.  369.  Essentially  plagioclase  and  hornblende,  with  some  kaolin, 
augite,  and  biotite.  Analysis  by  Stokes,  No.  1296.  Sp.  gr.  2.935. 
P.  R.  C.  144. 

N.  Quartz-norite-gneiss,  Odessa.  Described  by  Bayley  in  Bull.  15C, 
p.  358.  Contains  quartz,  plagioclase,  pyroxene,  biotite,  garnet,  mag- 
netite, and  sulphide  of  -iron.  Analysis  by  Stokes,  No.  1296.  Sp.  gr. 
2.770. 

O.  Mica-schist,  bed  of  Cross  River,  near  Gunflint  Lake.  Descrip- 
tion furnished  by  C.  R.  Van  Hise.  Contains  biotite,  quartz,  feld- 
spar (?),  and  pyrites.     Analysis  by  T.  M.  Chatard,  record  No.  896. 

P.  Actinolite-magnetite-schist,  SE.  i  of  SE.  i  of  sec.  34,  T.  61  N., 
B.  12  W.  Described  by  Bayley  in  Amer.  Joum.  Sci. ,  3d  series,  vol.  46, 
p.  178.  Mainly  actinolite  and  magnetite.  Analysis  by  W.  H.  Melville, 
record  No.  1403. 

Q.  Magnetite  rock  near  the  preceding,  also  described  with  P  by 
Bayley.    Analysis  by  Melville,  No.  1403. 


L. 

M. 

N. 

0. 

P. 

Q. 

SiO, 

52.31 

18.35 

5.90 

11.06 

1.00 

7.33 

2.90 

.49 

}      .35 

48.29 

20.87. 

1.13 

4.93 

7.54 

14.32 

1.77 

.38 

1      .89 

61.04 
16.97 

64.77 

14.45 

1.84 

4.54 

2.34 

2.33 

1.37 

5.03 

.07 

1.92 

.60 

.20 

.11 

,60 

.41 

12.35 
.10 

58.68 

21.34 
4.08 
1.91 

trace 

1.16 

1.81 

69.08 

27.10 

.25 

.63 

ALO. 

FcOs - 

FeO 

5.58 
3.62 
5.99 
1.96 
.55 

1      .43 

MgO 

CaO 

Na-O 

K,0 

H,0  alios**... 
H,0  above  105° 
TiO, 

1        .19 

.12 

.25 

1.22 

none 
.06 
.33 

P,0* 

MnO 

SO, 

CO, 

FeS 

a  3.  73 

99.69 

100.12 

99.87 

100.58 

100.24 

100.32 

a  Probably  pyrrhoate. 
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SOUTH   DAKOTA. 

A.  Phonolite,  Black  Hills.  Described  by  Whitman  Cross  in  Bull. 
150,  p.  191.  Contains  sanidine,  nephelite,  aegirite,  nosean,  and 
sodalite,  with  accessory  sphene,  apatite,  and  zircon,  and  possibly  some 
rare  zirconates  or  titanates.  Also,  sparingly,  secondary  zeolites  and 
calcite.  No  magnetite,  but  minute  ferritic  flakes  are  disseminated 
through  the  rock.  Analysis  by  W.  F.  Hillebrand,  record  No.  1618, 
P.  R.  C.  73. 

B.  An  earlier  analysis  of  A,  by  H.  N.  Stokes,  record  No.  1314. 
This  was  made  along  the  ordinary  lines  as  regards  J' completeness,"  as 
requested  by  the  collector,  and  without  regard  to  minor  accessory  con- 
stituents. It  serves  well  to  illustrate  the  difference  between  the  two 
modes  of  treatment,  in  comparison  with  the  fuller  analysis. 

C.  Toiirmaline-biotite-schist,  north  of  Harney  Peak,  Black  Hills. 
Described  by  Bayley  in  Bull.  150,  p.  327.  Contains  quartz,  biotite, 
tourmaline,  a  little  garnet  and  rarely  muscovite,  iron  ore,  and  apatite. 
Analysis  by  Stokes,  record  No.  1296.     P.  R.  C.  130. 


SiO, 

AlA 

Fe,Os 

FeO 

MgO 

CaO 

Na,0 

K,0 

HaOatllO^ 

HgO  above  110® 

TiOj 

PA 

ZrOj 

MnO 

SrO 

BaO 

Ufi 

SO3 

S 

CI 

F 

CO, 


B. 


C. 


57.86 
20.26 

2.36 
.39 
.04 
.89 

9.47 

5.19 
.21 

2.40 
.22 
.03 
.15 
.21 
.04 
.09 

trace 
.06 
.03 
.08 

(?) 
none 

99.97 


} 


58.60 

20.98 

2.22 

.44 

.33 

1.13 

8.38 

5.49 

1.92 


} 


66.77 

17.65 

1.55 

3.29 

2.13 

.56 

.99 

4.49 

1.89 


.20 


I 


99.69 


99.32 
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WYOMING. 

Rocks  studied  by  Whitman  Cross.  The  Leucite  Hills  series  is  de- 
scribed in  Amer.  Jour.  Sci.,  4th  ser.,  vol.  4,  p.  115.  Analysis  J  is  by 
L.  G.  Eakins,  record  No.  1078.  The  others  are  by  W.  F.  Hillebrand, 
one  made  in  the  Denver  laboratory,  and  record  Nos.  343,  355, 362,  368, 
403,  463,  1668,  and  1682. 

A.  Wyomingite,  Boars  Tusk,  Leucite  Hills.  Contains  phlogopite, 
leucite,  diopside,  and  apatite.     Sp.  gr.  2.779,  13.5^.     P.  R.  C.  567. 

B.  Wyomingite,  Fifteenmile  Spring,  Leucite  Hills.  Composition 
like  A.     Sp.  gr.  2.627,  30°.     P.  R.  C.  566. 

C.  Portion  of  B  soluble  in  2.5  per  cent  nitric  acid. 

D.  Phlogopite  from  wyomingite. 

E.  Madupite,  Pilot  Butte,  Leucite  Hills.  Contains  predominating 
diopside  and  phlogopite,  with  perofskite  and  magnetite,  in  a  glassy  base 
which  has  approximately  the  composition  of  leucite.  Sp.  gr.  2,857, 22^. 
P.  R.  C.  576. 


SiO, 

AlA 

FeA 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°.... 
H,0  above  110° 
TiO, 

PA 

CrA 

DiA»  etc.  a 

MnO 

SrO 

BaO 

Li,0 

SO, 

CI , 

F 

O 


A. 


B. 


50.23 

11.22 

3.34 

1.84 

7.09 

5.99 

1.37 

9.81 

.93 

1.72 

2.27 

1.89 

.10 

.03 

.05 

.24 

1.23 

trace 

.74 

.03 

.50 


100.62 
.22 


100.40 


53.70 

11.16 

3.10 

1.21 

6.44 

3.46 

1.67 

11.16 

.80 

2.61 

1.92 

1.75 

.04 

none 

.04 

.19 

.62 

trace 

.06 

.03 

.44 


100.40 
.19 


100.21 


) 


6.08 
.91 

.50 
1.51 
2.13 

.28 
1.21 

(?) 

(?) 
.21 

1.54 


.10 
.14 


.06 
.03 


14.70 


D. 


42.56 

12.18 

2.73 

.90 

22.40 
.20 
.44 

10.70 


2.35 

2.09 

.06 

.73 


trace 

1.00 

trace 


2.46 


100.80 
1.03 


99.77 


E. 


42.65 

9.14 

5.13 

1.07 

10.89 

12.36 

.90 

7.99 

2.04 

2.18 

1.64 

1.52 

.07 

.11 

.12 

.33 

.89 

trace 

.58 

.03 

.47 


100.11 
.20 


99.91 


A 


a  Probably  conUdDB  other  me  earths. 
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F.  Orendite,  Fifteenmile  Spring,  Leucite  Hills.  Contains  predomi- 
nating leucite  and  sanidine,  with  phlogopite,  a  little  biotite,  diopside, 
and  amphibole,  and  accessory  apatite  and  rutile.     Sp.  gr.  2.686,  23.5°. 

G.  Orendite,  North  Table  Butte,  Leucite  Hills.  Composition  like  F. 
Sp.  gr.  2.699,  19°. 

H.  Groundmass  of  F.  Sp.  gr.  2.615,  19°.  Not  cited  in  published 
paper. 

I.  Diopside  separated  from  mixed  wyomingite  and  madupite.  Sp. 
gr.  3.290,  20°.  Analyzed  in  the  Denver  laboratory.  P^Oj  included 
with  TiO,. 

J.  Dacite?,  Gtirfield  Peak.  Phenocrysts  of  plagioclase  and  horn- 
blende, with  microscopic  sphene  and  apatite  in  a  groundmass  contain- 
ing plagioclase,  orthoclase,  quartz,  and  magnetite.  Sp.  gr.  2. 676, 26. 2°. 
P.  R.  C.  159. 


F. 

G. 

H. 

I. 

J. 

SiO, 

54.08 

9.47 

3.19 

1.03 

6.74 

3.55 

1.39 

11.76 

.79 

2.71 

2.08 

1.36 

undet. 

.02 

.07 

54.17 

10.16 

3.34 

.65 

6.62 

4.19 

1.21 

11.91 

.52 

1.01 

2.67 

1.59 

.22 

58.13 

11.72 

3.01 

1.01 

5.79 

2.24 

1.36 

12.58 

.99 

1.16 

1.48 

.32 

undet. 

50.86 

67.78 

16.67 

1.99 

.51 

.71 

2.67 

4.91 

3.43 

1      1.44 

ALO, 

Fe,0. 

1.19 

1.82 

17.42 

23.32 

.76 

.42 

^1  «• ••-•"•«•••»•«• 
FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO® 

H,0  above  110° 

TiO, 

.31 
3.03 

P.Os 

.19 

ZrO, 

V-O, 

Cr.O. 

.05 
trace 
.06 
.18 
.59 
trace 
.16 
.49 
.06 
.36 

ZB"""*"*""*" 

NiO 

MnO 

.05 
.20 
.67 
trace 
.29 

trace 
.10 
.29 

trace 
.13 

.03 

trace 

SrO 

BaO 

Li,0 

so, 

CO, 

CI 

.04 
.49 

trace 
trace 

F 

LessO 

99.98 
.21 

100.21 
.17 

100.31 

99.16 

100.30 

99.77 

100.04 
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YELLOWSTONE  NATIONAL  PARK  AND  THE  ABSAROKA  RANGE. 

1.    ELECTRIC   PEAK. 

Rocks  described  by  Iddings  in  12th  Add.,  p.  577.  Also  in  Bull.  Phil. 
Soc.  Washington,  vol.  11,  p.  206.    For  analyses  O,  P,  see  Mo'n.  XXXII, 

pt.  n. 

A.  Pyroxene-mica-diorite.  Contains  augite,  hypersthene,  plagio- 
clase,  quartz,  biotite,  hornblende,  magnetite,  and  apatite.  Analysis  by 
J.  E.  Whitfield,  record  No.  830.    P.  R.  C.  94. 

B.  Pyroxene-mica-diorite.  Same  minerals  as  under  A.  Analysis  by 
Whitfield,  No.  921. 

C.  Pyroxene-mica-diorite.  Like  A  and  B.  Analysis  by  W.  H. 
Melville,  record  No.  1231. 

D.  Pyroxene-porphyry.  (Contains  augite,  hypersthene,  biotite,  mag- 
netite, plagioclase,  and  quartz.     Analysis  by  Whitfield,  No.  830. 

E.  Quartz-pyroxene-mica-diorite.  (Contains  biotite,  hornblende, 
augite,  hypersthene,  magnetite,  plagioclase,  orthoclase,  and  quartz. 
Analysis  by  Melville,  No.  1281. 


A. 

B. 

c. 

D. 

E, 

SiO, 

56.28 
14.23 
4.69 
4.05 
6.37 
7.94 
2.98 
1.23 

1        .93 

.84 
.40 
.16 

58.05 
18.00 
2.49 
4.56 
3.55 
6.17 
3.64* 
2.18 

.86 

1.05 

.17 

none 

61.22 

16.14 

3.01 

2.58 

4.21 

5.46 

4.48 

1.87 

.04 

.40 

.61 

.25 

trace 

.09 

57.38 
16.86 
2.49 
5.17 
5.51 
7.32 
3.33 
1.45 

}  - 

trace 
trace 
tface 

64.07 

15.82 

3.40 

1.44 

3.39 

4.43 

4.06 

2.27 

.10 

.42 

.45 

.18 

trace 

.05 

ALO, 

Fe,0, 

FeO 

MffO 

CaO 

Na,0 

K,0 

H,OatlOO° 

H,0  above  100^ 

TiO, 

p,o& 

MnO 

NiO 

Li,0 

.01 

trace 

.17 

none 

.07 

trace 

.39 

.21 
.17 

SO. 

CI 

100.28 

100.79 

100.36 

100.70 

100.08 
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F.  Quartz-mica-diorite.  Contains  biotite,  hornblende,  augite^  hyper- 
sthene,  plagioclase,  orthoclase,  and  q uartz.  Analysis  by  Whitfield,  No. 
921. 

G.  Quartz-mica-diorite.  Contains  biotite,  hornblende,  plagioclase, 
pyroxene,  quartz,  and  orthoclase.     Analysis  by  Whitfield,  No.  921. 

H,  I,  J.  Quartz-mioa-diorites.  Contain  hornblende,  biotite,  plagio- 
clase, orthoclase,  and  quartz.  Analyses  by  Whitfield,  Nos.  921  and 
830. 


SiO,. 

AlA 
Fe,0, 

FeO. 

MgO. 

CaO. 

Na,0 

KjO. 

H,0. 

TiO,. 

MnO 
Li,0. 
SO3.. 

CI... 


F. 


65.11 

16.21 

1.06 

3.19 

2.57 

3.97 

4.00 

2.51 

.94 

.71 

.02 

none 

.04 

trace 

none 

100. 38 


G. 


65.60 

17.61 

.95 

2.76 

1.49 

3.72 

4.36 

2.36 

.59 

.75 

.16 

none 

.03 

trace 

none 

100. 38 


H. 


64.85 

16.57 

2.10 

2.15 

2.14 

4.01 

3.71 

3.10 

.35 

.91 

.14 

none 

none 

trace 

none 

100. 03 


I. 


66.05 

16.96 

2.59 

1.38 

2.08 

3.37 

4.20 

2.53 

.69 

.34 

trace 

none 

none 

.03 

trace 

100.22 


J. 


67.54 

17.02 

2.97 

.34 

.13 

3.36 

4.62. 

2.28 

.55 

.80 

trace 

trace 

.03 

.26 

.15 

100.05 
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K.  Quai*tz-mica-diorite-porphyry.  Clontains  biotite,  hornblende, 
plagioclase,  orthoelase,  and  quartz.     Analysis  by  Whitfield,  No.  830. 

L.  Quartz-miea-diorite-porphyry.  Contains  quartz,  biotite,  plagio- 
clase, alkali-feldspar,  and  hornblende.     Analysis  by  Whitfield,  No.  830. 

M.  Hornblende-porphyry;  intrusive  sheet.  Contains  hornblende, 
plagioclase,  magnetite,  and  quartz.     Analysis  by  Whitfield,  No.  429. 

N.  Hornblende-mica-porphyry;  intrusive  sheet.  Contains  horn- 
blende, plagioclase,  biotite,  magnetite,  and  quartz.  Analysis  by  Whit- 
field, No.  420.     The  Indian  Creek  laccolith. 

O.  Augite-andesite-porphyry;  intrusive  sheet,  upper  portion.  Con- 
tains malacolite,  plagioclase,  probably  orthoelase,  magnetite,  and  little 
biotite,  with  secondary  chlorite  or  serpentine  and  actinolite.  Analysis 
by  Whitfield,  No.  830. 

P.  Same  sheet  as  O,  lower  portion.  Analysis  by  W.  F.  HlUebrand, 
record  No.  1671.     Contains  0.04  ¥,0,. 


K. 

L. 

M. 

58.49 
16.70 
3.85 
2.37 
3.12 
5.90 
3.47 
1.59 

1    2.44 

1.71 

N. 

61.50 
17.42 
4.66 
1.09 
1.26 
5.33 
3.99 
1.29 

1    2.44 

none 

0. 

52.10 
16.34 
3.84 
6.82 
4.33 
4.73 
4.02 
4.20 

1      1.74 

.79 

.68 

trace 

P. 

SiO, 

65.97 
16.53 
2.59 
1.72 
2.11 
3.37 
3.41 
2.67 

}    1.23 

.42 

69.24 

15.30 

1.72 

.69 

.95 

2.98 

4.46 

2.52 

1    1.30 
.65 

50.59 

11.53 

1.83 

7.64 

11.27 

8.79 

2,27 

2.33 

.21 

1.76 

.80 

.48 

.17 

.06 

.03 

.10 

trace 

none 

trace 

A1,0. 

Fe,Oj» 

FeO 

MgO 

CaO 

Na,0 

K.O 

H,OatllO<»... 
H,0  above  110° 
TiO, 

P,0. 

trace         trace 
none          trace 

trace            -60 

...  jv/^5  .......... 

MnO 

.24 

trace 

NiO 

SrO 

BaO 

Li,0 

.09 

.13 

-       .09 

none 

.27 

trace 

.01 
.63 

.03 
.35 

.13 
.22 
.24 

SOs 

CI 

0=C1 

100.33 
.02 

100.08 

100.52 

99.96 

"100. 18 
.05 

99.86 

100.31 

100.13 
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2.    SEPULCHRE  MOUNTAIN. 

Bocks  described  by  Iddings,  12th  Ann.,  p.  633.  Also  in  Bull.  Phil. 
Soc.  Washington,  vol.  11,  p.  210,  and  in  Mon.  XXXII,  Pt.  II. 

A.  Pyroxene-andesite.  Elssentially  composed  of  augite,  hyper- 
sthene,  and  plagioclase.     Analysis  by  J.  E.  Whitfield,  record  No.  923. 

B.  Pyroxene-andesite.  Composition  like  A.  Analysis  by  Whit- 
field, No.  928. 

C.  Hornblende-andesite.  Essentially  plagioclase  and  hornblende. 
Analysis  by  Whitfield,  No.  922. 

D.  Homblende-pyroxene-andesite.  Contains  augite,  hypersthene, 
plagioclase,  and  hornblende.  Analysis  by  T.^M.  Chatard,  record  No. 
712. 

E.  Homblende-pyroxene-andesite.  Minerals  as  in  D,  with  magne- 
tite also.     Analysis  by  Chatard,  No.  712. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oatl05°.... 
H,0  above  105° 
TiO, 

PA 

CrA 

MnO 

BaO 

SrO 

LijO 

80, 

01 


A. 


} 


55.83 
17.11 
4.07 
3.75 
5.05 
7.40 
2.94 
1.71 

1.28 

1.05 
.21 


none 


none 
trace 
none 

100.40 


B. 


} 


57.17 
17.25 
2.48 
4.31 
4.83 
6.61 
3.44 
2.03 

1.20 

1.03 
.05 


none 


trace 
trace 
trace 

100.40 


c. 


} 


55.92 
17.70 
3.16 
4.48 
4.34 
5.90 
4.08 
2.24 

1.42 

.94 
.18 


trace 


.09 
trace 
none 

100.45 


D. 


56.61 

13.62 

5.89 

2.60 

5.48 

6.61 

3.13 

2.71 

1.20 

1.07 

.79 

.06 

.05 

.35 

.14 

Trace 


(?) 


100.31 


60.30 

16.31 

4.35 

1.41 

2.39 

5.62 

3.99 

2.36 

.64 

1.86 

.76 

.20 

trace? 

.13 

.15 

Trace 


.10 


100.57 
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F.  Hornblende-mica-andesite.  Contains  plagioclase,  hornblende, 
biotite,  and  magnetite.     Analysis  by  Whitfield,  No.  924. 

G.  Hornblende-mica-andesite.  Containsplagioclase,  hornblende,  and 
biotite.     Analysis  by  Chatard,  No.  712. 

H.  Dacite.  Contains  plagioclase,  hornblende,  biotite,  and  quartz. 
Analysis  by  Whitfield,  No.  830. 

I.  Dacite.  Minerals  as  in  H.  Analysis  by  L.  6.  Ektkins,  record 
No.  1135. 

J.  Andesite-breccia.  Not  in  paper  cited.  See  Mon.  XXXII,  Pt.  IL 
Analysis  by  Chatard,  No.  712.  Reported  by  Iddings  as  hornblende- 
mica-andesite,  containing  hornblende,  plagioclase,  quartz,  biotite,  and 
a  little  magnetite. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0  

H,Oatl05°.... 
H,0  above  105° 
TiO, 

PA 

MnO 

BaO 

SrO 

Li,0 

80, 

a 


F. 


} 


64.27 
17.84 
3.36 
1.29 
2.00 
3.42 
3.84 
2.48 

1.32 

.32 

.16 

none 


.03 
trace 
none 

100.33 


G. 


65.50 

14.94 

1.72 

2.27 

2.97 

2.33 

5.46 

2.76 

.24 

1.13 

.45 

.09 

.20 

.13 

trace? 


H. 


} 


.06 


100.25 


65.66 
15.61 
2.10 
2.07 
2.46 
3.64 
3.65 
2.03 

1.07 

1.37 
trace 
none 


.36 
.13 

.12 

100.27 


I. 


} 


67.49 
16.18 
1.30 
1.22 
1.34 
2.68 
4.37 
2.40 

2.69 

.13 
.13 
.08 


100.01 


J. 


67.95 

14.98 

2.33 

.95 

1.42 

3.98 

4.39 

2.i<6 

.37 

.61 

.45 

.07 

.09 

.23 

trace? 


.11 


100.79 
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3.    AB8AROKA   RANGE. 


Ifirr.    CRANDALL   BABIN. 

Rocks  described  by  Iddings  in  Mon.  XXXII,  Pt.  II.  The  analyses 
also  appeared  in  Bull.  Phil.  Soc.  Washington,  vol.  12,  p.  204. 

A.  Gabbro-porphyry,  Hurricane  Ridge.  Contains  augite,  plagio- 
clase,  hypersthene,  biotite,  magnetite,  and  a  little  olivine.  Analysis 
by  L.  G.  Eakins,  record  No.  1089. 

B.  Basalt  flow,  north  side  of  Timber  Creek.  Rich  in  olivine,  augite, 
and  magnetite.     Analysis  by  Eakins,  No.  1087. 

C.  Basalt  dike,  ridge  south  of  Hurricane  Ridge.  Like  B.  Contains 
also  labradorite  alid  a  little  orthoclase.     Analysis  by  Eakins,  No.  1087. 

D.  Mica-gabbro-porphyry,  Hurricane  Ridge.  Contains  plagioclase, 
augite,  hypersthene,  biotite,  and  magnetite.  Analysis  by  Eakins, 
No.  1089. 

E.  Mica-gabbro,  Hurricane  Ridge.  Like  D,  with  some  orthoclase 
and  a  little  quartz  and  olivine.     Analysis  by  Eakins,  No.  1089. 

F.  Basalt-glass-breccia,  ridge  south  of  Indian  Peak.  A  glass  show- 
ing crystals  of  olivine,  augite,  plagioclase,  and  magnetite.  Analysis 
by  Eakins,  No.  1087. 


A. 

B. 

c. 

D. 

E. 

F. 

SiO, 

51.81 

15.24 

3.66 

4.86 

8.89 

9.06 

2.83 

2.08 

.67 

.77 

.18 

.08 

52.09 

17.84 

4.27 

4.56 

5.33 

8.03 

3.39 

1.98 

1.77 

.39 

.27 

.14 

52. 11     i     5.^.  56 

53.71 

18.00 

3.99 

4.05 

5.19 

6.88 

3.50 

3.10 

.55 

.74 

.38 

.24 

53.89 

18.81 

4.92 

2.81 

3.29 

5.42 

3.65 

2.98 

2.99 

.49 

.52 

.17 

A1,0. 

16.58 

3.66 

4.99 

6.87 

6.43 

3.25 

3.20 

1.99 

.53 

.63 

.23 

16.07 

3.21 

5.29 

7.23 

8.77 

3.06 

1.94 

.19 

.68 

.18 

.11 

l^-'o*  -------- 

Fe,03 

FeO 

MgO 

CaO 

Na,0 

K«0 

H,0 

M-^J-K^    .......... 

TiO, 

P.Oft 

MnO 

100.13 

100.06 

100.47 

100.29 

100.33 

99.94 

CLABKE.] 
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G.  Orthoclase-gabbro-diorite,  rich  in  mica,  Hurricane  Ridge.  Con- 
tains orthoclase,plagioclase,  quartz,  biotite,  augite,  hypersthene,  mag- 
netite, and  hornblende.     Analysis  by  Eakins,  No.  1089. 

H.  Another  sample,  like  G.     Same  analyst  and  record  number. 

I.  Dioritic  facies  of  gabbro.  Hurricane  Ridge.  Very  feldspathic. 
Same  analyst  and  number. 

J.  Monzonite,  Hurricane  Ridge.  (Contains  orthoclase,  plagioclase, 
biotite,  augite,  hypersthene,  and  magnetite.  Analysis  by  W.  H.  Mel- 
ville, record  number  1233. 

K.  Augite-andesite-porphyry,  intrusive  sheet.  Hurricane'  Ridge. 
Analysis  by  Ektkins,  No.  1088.  Contains  plagioclase,  augite,  hyper- 
sthene, magnetite,  biotite,  quartz,  and  microscopic  orthoclase. 


G. 


SiO,  

AlA 

Fe^O, 

FeO  

MgO 

CaO  

Na,0 

K,0 

H,OatlOO*».... 
H,0  above  100*» 

TiO, 

PA 

MnO 

NiO 

Ci 


} 


55.93 
18.32 
2.39 
4.91 
3.97 
6.17 
4.29 
2.62 

.22 

.81 
.56 
.14 


100.33 


u. 


} 


56.21 
18.24 
3.26 
3.69 
3.38 
5.91 
4.15 
3.02 

.78 

.88 
.64 
.17 


ion.  33 


I. 


} 


57.26 
19.40 
2.49 
3.29 
2.57 
5.68 
4.21 
2.95 

.86 

.76 
.51 
.16 


100.14 


J. 


57.32 

17.29 

3.89 

3.03 

3.56 

5.81 

3.89 

3.04 

.33 

.30 

.62 

.50 

.06 

.10 


99.74 


K. 


} 


57.64 
18.43 
3.63 
2.84 
3.32 
5.49 
4.03 
3.33 

.51 

.77 
.34 
.10 


trace 


100.43 


i 
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L.  Homblende-mica-andesite-porphyry  dike,  ridge  south  of  Hurri- 
cane Ridge.  CSontains  piagioclase,  hornblende,  biotite,  augite,  hyper- 
sthene,  and  magnetite,  witJi  a  little  chlorite  or  serpentine.  Analysis 
by  Eakins,  No.  1087. 

M.  Quartz-diorite-porphyry,  Hurricane  Ridge.  Contains  plagio- 
clase,  orthoclase,  quartz,  augite,  hypersthene,  magnetite,  and  a  little 
biotite.     Analysis  by  Melville,  No.  1284.  ^ 

N.  Quartz-mica-diorite,  Hurricane  Ridge.  Contains  andesine,  ortho- 
clase, quartz,  biotite,  hornblende,  magnetite,  and  a  little  pyroxene. 
Analysis  by  Melville,  No.  1234. 

O.  Quartz-mica-diorite-porphyry ,  Hurricane  Ridge.  Contains  ande- 
sine,  orthoclase,  quartz,  and  biotite.     Analysis  by  Melville,  No.  1234. 

P.  Aplite  dike.  Hurricane  Ridge.  Contains  quartz,  orthoclase,  oligo- 
clase,  biotite,  magnetite,  some  chlorite,  and  a  little  hornblende.  Analy- 
sis by  Eakins,  No.  1088. 


L. 

M. 

N. 

0. 

P. 

SiO, 

61.16 
16.17 
2.89 
2.18 
3.89 
4.26 
3.87 
3.20 

1      2.09 

.23 

.13 

trace 

63.42 

17.16 

3.09 

1.50 

1.64 

4.65 

4.51 

3.04 

.16 

.28 

.35 

•      .26 

.04 

.19 

63.97 

15.78 

2.35 

1.87 

2.84 

3.71 

4.36 

4.01 

.09 

.49 

.48 

.40 

.05 

trace 

64.40 

15.77 

2.47 

1.15 

2.12 

3.54 

4.10 

3.81 

.31 

1.93 

.40 

.16 

.(H 

.17 

71.62 
14.99 
1.27 
1.01 
.74 
1.33 
3.62 
4.81 

}  •" 

.08 

trace 

.17 

Al,Os 

Fe,Oi 

FeO 

MffO 

CaO 

Na,0 

Kfil 

H,OatlOO*» 

H,0  above  100° 

TiO, 

P.O. 

MnO 

NiO 

CI 

trace 

100.07 

100.29 

100.40 

100.27 

100.05 

CLARKE.] 
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Descriptions,  hitherto  unpublished,  supplied  by  Arnold  Hague  and 
T.  A.  Jaggar,  jr.  Analyses  A,  B,  and  C  by  W.  F.  Hillebrand,  record 
No.  1801;  D  by  H.  N.  Stokes,  No.  1804. 

A.  Quartz-syenite,  Copper  Creek  Basin.  Contains  biotite,  horn- 
blende, epidote,  orthoclase,  augite,  titanite,  magnetite,  and  apatite. 
Hornblende  very  pale  in  color. 

B.  Syenite-porphyry,  Sulphur  Creek  Basin.  Contains  oligoclase 
and  biotite,  in  a  groundmass  of  quartz  and  feldspar. 

C.  Augite-syenite-porphyry ,  Copper  Creek  Basin.  Contains  augite, 
biotite,  orthoclase,  a  little  hornblende,  and  quartz. 

D.  Grabbro,  southwest  of  Beams  Hill,  Sunlight  Valley.  Contains 
plagioclase,  pyroxene,  magnetite,  apatite,  and  a  little  biotite. 


- 

A. 

B. 

c. 

D. 

SiO, 

63.07 

17.47 

2.09 

1.38 

1.44 

2.27 

5.77 

4.59 

.25 

.43 

.38 

.18 

trace 

trace 

trace 

none 

.03 

.15 

.32 

trace? 

none 

.02 

66.64 

16.22 

1.84 

1.06 

1.25 

2.41 

5.11 

3.86- 

.52 

.55 

.29 

.16 

.01 

trace 

.01 

none 

trace 

.14 

.27 

none 

none 

trace? 

64.40 

16.90 

1.86 

1.37 

1.13 

2.60 

5.79 

4.56 

.16 

.39 

.23 

.21 

.02 

? 

? 

none 

.07 

.14 

.27 

trace 

none 

trace? 

53.57 

17.78 

3.19 

4.93 

4.36 

6.22 

4.04 

3.04 

.27 

.80 

.89 

.44 

Al.Os 

Fe,0. 

FeO 

MgO 

CaO 

Na,0 

K,0 

H.OatllO® 

H.O  above  110° 

TiOj 

P.Os 

ZlOa 

Cr,Oa 

none 

v.o, 

NiO 

none 

.07 

.13 

.21 

trace 

none 

MnO 

SrO 

BaO 

LLO 

CO, 

FeS, ... 

99.84 

100.34 

100.10 

99.94 

/ 
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3d.    I8HAWOOA    INTRUSIVES. 

Descriptions,  hitherto  unpublished,  supplied  by  Arnold  Hague  and 
T.  A.  Jaggar,  jr.  Analyses  A  and  B  by  H.  N.  Stokes,  record  No.  1804; 
C  and  D  by  W.  F.  Hillebi-and,  No.  1766. 

A.  Granite-poiphyry,  b^e  of  Crater  Mountain.  Contains  oligo- 
clase,  orthoclase,  biotite,  and  quartz. 

B.  Diorite-porphyiy,  Cabin  Creek.  Contains  plagioclase,  ortho- 
clase, quartz,  and  abundant  hornblende.  This  rock  is  intermediate 
between  granite-porphyry  and  diorite-porphyry,  but  nearer  to  the 
latter. 

C.  Diorite,  base  of  Needle  Mountain.  .  Contains  plagioclase,  quartz, 
biotite,  with  subordinate  hornblende  and  orthoclase.  Structure 
granitic. 

D.  Diabase,  entrance  to  Shoshone  Canyon.  Contains  plagioclase, 
augite,  and  chlorite. 


A. 

1 

B. 

60.00 

16.37 

2.28 

2.46 

3.81 

4.96 

3.73 

2.70 

.61 

1.42 

.59 

.35 

none 

.05 

.11 

.26 

trace 

.17 

c. 

D. 

SiO., 

64.23 

16.34 

1.07 

1.58 

2.47 

3.07 

3.49 

2.59 

.47 

1.76 

.50 

.18 

none 

trace 

.06 

.19 

trace 

.30 

03.  76 

16.01 

2.22 

1.96 

2.43 

4.55 

3.98 

2.84 

.28 

.57 

.52 

.25 

none 

.09 

.09 

.17 

trace 

.23 

trace 

(?) 

52.  18 

18.19 

3.31 

4.36 

•       4.69 

6.51 

4.58 

1.88 

.  75 

2.00 

.99 

.29 

AUG, 

Fe,0, 

FeO 

MeO 

CaO 

Na,0 

KjO 

HjOat  110° 

H2O  above  110° 

TiO, 

P,0. 

X^^o  -------------------------- 

NiO 

trace 

MnO 

.14 

SrO 

.06 

BaO 

.11 

LijO 

trace    ' 

CO2 

none 
trace 
none 

CI 

S 

FeS, 

1.61 
99.91 

^»-^  ..-.»»-»--•--»•••»•»••»••• 

• 

99.87 

99.95 

100.04 

CLABKB.] 
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4.    DIKES  IN  BBBOCIA. 

Descriptions,  hitherto  unpublished,  supplied  by  Arnold  Hague  and 
T.  A.  Jaggar,  jr.  Analyses  A,  B,  D,  by  H.  N.  Stokes,  record  No. 
1804;  C,  E,  F,  G,  H,  by  W.  F.  Hillebrand,  Nos.  1765  and  1801. 

A.  Hornblende-pyroxene-andesite,.  Eagle  Creek.  (Contains  plagio- 
clase,  hornblende,  pyroxene,  quartz,  and  apatite. 

B.  Leucite-absarokite,  Sunlight  Valley.  Contains  phenocrysts  of 
olivine  and  augite,  with  secondary  alteration  of  the  olivine  to  serpen- 
tine. The  groundmass  contains  magnetite,  augite,  plagioclase,  and 
orthoclase.     Leucite  abundant. 

C.  Grabbro-porphyry ,  Deer  Creek.  Contains  plagioclase,  pyroxene, 
olivine,  ilmenite,  aqd  apatite. 

D.  Hornblende-augite-andesite,  Wind  River  Plateau.  Contains 
phenocrysts  of  augite,  hypersthene,  and  hornblende,  plagioclase,  and 
fine  magnetite  grains. 


SiO, 

AlA 

FejO, 

FeO 

MgO 

OaO 

Na,0 

K,0 

H,OatllO°.... 

H,0  above  110° 

TiO, 

PA 

ZrO, 

CrA 

VA 

NiO 

MnO 

SrO 

BaO 

0,0 

00, 

a 

FeS, 


A. 


50.72 

16.01 

4.35 

4.20 

7.06 

9.02 

2.92 

1.13 

.40 

2.14 

1.08 

.29 


none 


none 
.07 
.09 
.11 

trace 
.85 


100.44 


B. 


47.32 

11.22 

2.91 

5.81 

15.96 

7.11 

1.88 

3.79 

.31 

1.71 

.75 

.61 


trace 


trace 
.11 
.05 
.22 

trace 
.13 


99.89 


c. 


50.29 

15.85 

8.22 

1.43 

4.65 

7.71 

2.98 

3.53 

1.77 

1.98 

.96 

.51 


trace 

.15 

.09 

.15 

trace 

none 

trace 


D. 


100.27 


60.15 

17.85 

2.00 

2.02 

3.26 

5.48 

3.95 

2.36 

.25 

1.24 

.47 

.22 


none 


none 

.07 

.10 

.20 

none 

none 


99.62 


Bull.  168- 
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E.  Augite-andesite,  Dike  Mountain.     Contains  augite,  plagioclase, 
serpentinized  olivine,  magnetite,  and  apatite. 

F.  Trachy te-andesite,  Dike  Mountain.     Contains  plagioclase,  ortho- 
clase,  chlorite,  apatite,  and  magnetite.     Very  little  augite. 

G.  Biotite-trachytc,  Dike  Mountain.     Contains  plagioclase,  ortho- 
clase,  biotite,  magnetite,  and  cbllorite. 

H.  Biotite-trachyte,  Dike  Mountain.     Contains  orthoclase,  plagio- 
clase, biotite,  and  magnetite. 


£. 

F.. 

G. 

H. 

SiO, 

51.17 

16.14 

4.11 

4.48 

4.82 

7.72 

2.99 

3.54 

.63 

2.24 

1.01 

.48 

none 

trace 

.04 

.01 

.21 

.10 

.20 

trace 

none 

.05 

52.47 
18.23   ' 
3.31 
3.85 
2.85 
4.56 
4.83 
3.81 

.68 
2.03 

.97 

.64 

.02 
trace 

.03 
trace 

.15 

.11 

.23 
trace 
1.01 

.04 

63.24 

17.98 

2.67 

.85 

.63 

.93 

6.27 

5.47 

.37 

.80 

.38 

.22 

trace 

none 

.01 

none 

.04 

.03 

.25 

trace 

none 

trace 

57.73 

18.93 

1.97 

1.92 

.91 

2.78 

5.52 

6.11 

.22 

2.93 

.33 

.25 

trace 

trace 

.01 

trace? 

.06 

.09 

.16 

trace 

.26 

.02 

ALO, 

FeoO. 

FeO...: 

• 

MgO 

CJaO 

Na,0 

K,0 

HjOatllO® 

H.O  above  110° 

TiO, 

P.Os 

ZrO, 

Cr.Og 

v.o. 

NiO 

MnO 

SrO 

BaO 

LuO 

CO, 

FeSj 

99.94 

99.82 

100.14 

100.20 

CLARKE.] 
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4.    AB8ABOKITE — 8H08HONITE — BANAKITE   SERIES. 

Bocks  from  the  Yellowstone  Park  and  the  Absaroka  Range,  described 
in  Mon.  XXXII,  Pt.  II,  and  also  by  Iddings  in  Journal  of  Geology, 
vol.  3,  pp.  938,  943,  947.  The  rock  A,  from  Ishawooa  Canyon,  is  also 
described  by  Hague  in  Amer.  Journ.  Sci.,  3d  series,  vol.  38,  p.  46. 

A.  Leucite-absarokite,  Ishawooa  Canyon,  Wyoming.  Bowlder. 
Contains  olivine  and  augite  in  a  groundmass  of  orthoclase  and  leucite. 
Accessory  minerals,  magnetite,  apatite,  and  a  few  flakes  of  brown  mica. 
Analysis  by  J.  E.  Whitfield,  record  No.  1067.     Material  dried  at  104^. 

B.  Absarokite  dike,  head  of  Lamar  River.  Contains  olivine  and 
augite  in  a  groundmass  of  orthoclase  and  plagioclase,  with  accessory 
magnetite,  biotite,  and  ilmenite. 

C.  Absarokite  dike,  south  of  Clark  Fork.  Contains  augite,  quartz, 
biotite,  magnetite,  orthoclase,  plagioclase,  and  sometimes  analcite. 

D.  Absarokite  lava  flow,  h^ul  of  Raven  Creek.  Contains  olivine, 
augite,  orthoclase,  labradorite,  magnetite,  apatite,  and  a  little  serpen- 
tine. 

E.  Absarokite  dike,  divide  east  of  C^he  Creek.  Contains  ortho- 
clase, plagioclase,  augite,  biotite,  magnetite,  serpentine,  and  occasional 
quartz. 

Analyses  B,  C,  D,  and  E  by  L.  G.  Eakins,  record  Nos.  1086,  1365. 


A. 

B. 

c. 

D. 

£. 

giO, 

47.28 

11.66 

3.52 

5.71 

13.17 

9.20 

2.73 

2.17 

2.96 

.88 

.59 

48.95 

12.98 

3.63 

4.68 

11.73 

7.66 

2.31 

3.96 

3.16 

.49 

.67 

48.36 

12.42 

5.25 

2.48 

9.36 

8.65 

1.46 

3.97 

5.54 

1.18 

.84 

trace 

.13 

.29 

51.76 

12.36 

4.88 

4.60 

9.57 

7.14 

1.99 

3.83 

3.05 

.47 

.56 

49.71 

13.30 

4.41 

3.37 

7.96 

8.03 

1.49 

4.81 

4.07 

1.57 

.66 

trace 

.17 

.46 

ALO, 

Fe,0, 

M.    «^V/}         .............. 

FeO 

MeO 

CaO 

Na,0 

K«0 

H,0 

TiO, • 

P,Os 

Cr,0,.... 

MnO 

.13 

.13 

.11 

BaO 

CI 

.18 

0=C1 

100.08 
.04 

100.35 

99.93 

• 

100.32 

100.01 

100.04 
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F.  Shoshonite  lava  sheet,  Lamar  River,  south  of  Bison  Peak.  Con- 
tains plagioclase,  orthoclase,  augite',  olivine,  magnetite,  and  serpentine, 
with  amygdules  of  zeolite  and  calcite.     Analysis  by  Eakins,  No.  1086. 

6.  Shoshonite  lava  sheet,  southeast  fork  of  Beaverdam  Creek. 
Contains  plagioclase,  orthoclase,  augite,  and  serpentinized  olivine. 

H.  Leucite  ( ?)  shoshonite  lava  sheet,  mountain  east  of  Pyramid  Peak. 
Contains  feldspars,  olivine,  serpentine,  augite,  magnetite,  brown  mica, 
and  impure  leucite  (?). 

I.  Olivine-free  shoshonite  dike,  northeast  of  Indian  Peak.  Con- 
tains augite,  plagioclase,  biotite,  and  magnetite. 

J.  Shoshonite  lava  sheet.  Two  Ocean  Pass.  Contains  orthoclase, 
serpentinized  olivine,  magnetite,  augite,  chlorite,  biotite,  apatite,  lab- 
radorite.     Dried  at  104^. 

Analyses  G,  H,  I  by  Eakins,  Nos.  1371,  1376,  1379.  Analysis  J  by 
Whitfield,  No.  906. 


p. 

G. 

H. 

I. 

J. 

SiO, 

50.06 

17.00 

2.96 

5.42 

3.61 

8.14 

3.53 

3.40 

4.85 

.51 

.66 

.14 

53.49 

17.19 

4.73 

3.25 

4.42 

6.34 

3.23 

3.86 

2.17 

.71 

.43 

.14 

.06 

52.49 

17.89 

5.76 

2.08 

3.49 

7.01 

3.18 

3.73 

2.63 

.81 

.55 

.09 

.30 

54.86 

17.28 

4.08 

2.28 

4.19 

5.42 

3.94 

3.96 

2.16 

.69 

.48 

.19 

.37 

56.05 

19.70 

3.74 

2. 32 

2.51 

4.34 

3.^ 

4.44 

1.86 

.98 

.66 

trace 

A1,0. 

Fe,0. 

FeO 

MffO 

CaO 

Na,0 

AiM^-V-r    ............... 

K,0 

H,0 

TiO, 

P.Os 
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MnO _. 

BaO 

Li,0 
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.19 

SO, 

100.28 
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100.01 
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K.  Banakite  dike,  head  of  Lamar  River.  Contains  augite,  sei*pen- 
tinized  olivine,  orthoclase,  plagioclase,  biotite,  magnetite,  ilmenite, 
apatite,  and  analeite.     Adjoins  rock  B.     Analyses  by  Eakins,  No.  1375. 

L.  Banakite  dike.  Hoodoo  Mountain.  Like  K,  but  with  amygda- 
loidal  zeolites.     Analysis  by  Eakins,  No.  1371. 

M.  Banakite  dike,  Ishawooa  Canyon,  Wyoming.  Like  K  and  L,  but 
more  feldspathic.  Contains  a  little  serpentine,  probably  from  olivine; 
also  possibly  analeite  or  sodalite.     Analysis  by  Eakins,  No.  1086. 

N.  Banakite  dike,  near  head  of  Stinkingwater  River.  Like  M,  but 
with  more  serpentine.     Analysis  by  W.  H.  Melville,  record  No.  1232. 


K. 


SiO, 

AiA 

Fe,0, 

FeO 

MgO 

GaO 

Na,0 

K,0 

HjOatlOO*.... 
H,0  above  100* 
TiO, 

PA 

MnO 

NiO 

BaO 


} 


61.82 
16.75 
4.66 
3.36 
4.03 
4.94 
3.91 
6.02 

3.97 

.71 
.62 
.23 


} 


62.63 
16.87 
4.62 
3.11 
3.69 
4.77 
3.86 
6.17 

3.65 

.81 
.63 
.10 


.26 


100.08 


.29 


100.10 


M. 


} 


51.46 
18.32 
4.61 
2.71 
2.91 
6.03 
4.11 
4.48 

3.89 

.83 
.86 
.17 


100.38 


N. 


62.33 

18.70 

4.95 

1.83 

2.69 

4.71 

4.51 

5.45 

.74 

2.71 

.71 

.81 

.03 

.14 


100.31 
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O.  Leucite-banakite  lava  sheet,  southeast  fork  of  Beaverdam  Creek. 
Overlies  roc^k  G.  Contains  olivine,  augite,  leucite,  feldspars,  magnet- 
ite, apatite,  and  a  little  brown  mica.     Analysis  by  Eakins,  No.  1378. 

P.  Earlier  unpublished  analysis  of  O,  another  sample,  by  J.  E. 
Whitfield,  record  No.  907. 

Q.  Quartz-banakite  dike,  near  head  of  Stinkingwater  River.  Con- 
tains plagioclase,  orthoclase,  quartz,  biotite,  magnetite,  augite,  and  a 
little  calcite.     Analysis  by  Melville,  No.  1232. 

R.  Quartz-banakite  dike,  near  Q.  Contains  plagioclase,  orthoclase, 
quartz,  biotite,  magnetite,  augite,  chlorite,  and  serpentine.  Analysis 
by  Melville,  No.  1232. 


SiO, 

A1,0, 

Fe,Os 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatlOO*' 

H,0  above  100*». 
TiO, 

PA 

MnO 

NiO 

BaO 

Li,0 

SOs 

CI 


o. 


} 


52.93 
19.67 
3.07 
3.50 
2.8S 
4.69 
4.20 
4.75 

2.73 

.72 
.59 
.15 


.21 


100.09 


P. 


} 


51.56 
21.00 
5.17 
2.76 
2.52 
4.83 
4.37 
4.13 

2.27 

.65 

.69 

trace 


.13 

.21 

trace 

100.29 


Q. 


57.29 
18.45 
4.38 
1.20 
2.08 
3.57 
4.43 
5.43 

.17 
2.01 

.72 

.46 
trace 

.12 


100.31 


R. 


60.89 

17.14 

3.32 

.95 

1.16 

3.58 

4.54 

5.71 

.39 

1.22 

.49 

.27 

.09 

.19 
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S.  Absarokite,  Two  Ocean  Pass.  Contains  augite,  olivine,  ortho- 
clase,  magnetite,  serpentine,  little  biotite,  apatite,  and  an  isotropic 
substance,  probably  glass.     Analysis  by  J.  E.  Whitfield,  record  No.  906, 

T.  Shoshonite,  Beaverdam  Creek.  Analysis  by  Whitfield,  No.  907. 
Probably  the  rock  already  represented  by  analysis  G. 

U.  Shoshonite,  northeast  spur  of  Sepulchre  Mountain.  Contains 
augite  and  serpentinized  olivine,  in  a  groundmass  of  plagioclase,  ortho- 
clase,  augite,  magnetite,  and  apatite.     Analysis  by  Whitfield,  No.  908. 

y.  Shoshonite,  Baldy  Mountain,  Bear  Gulch,  Montana.  Contains 
hypersthene,  augite,  olivine,  plagioclase,  orthoclase,  and  magnetite. 
Analysis  by  Whitfield,  No.  909. 


SiO,.. 
A1,0„ 
Fe,0, 
FeO.. 
MgO. 
C^O.. 
Na,0. 
K,0.. 
H,0.. 
TiO,  . 

PA- 
MnO. 

140  . 

SO,.. 

CI... 

00,.. 


8. 


51.68 

14.07 

4.71 

4.67 

7.72 

6.65 

2.45 

4.16 

2.09 

1.08 

.72 

trace 

trace 

.13 


100.03 


T. 


52.86 

17.51 

5.18 

3.31 

4.18 

6.51 

3.22 

3.41 

1.76 

1.04 

.53 

trace 

.04 

.22 

.16 


99.93 


u. 


51.75 

17.48 

6.42 

L46 

4.05 

8.20 

3.33 

3.72 

2.26 

.86 

.67 

trace 

trace 

.17 

trace 


100.37 


v. 


54.97 

18.38 

3.06 

4.22 

2.38 

5.43 

3.45 

3.37 

.82 

.97 

.42 

trace 

.03 

.03 

trace 

2.92 

100.45 
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5.    MISCELLANEOUS  ROCKS.       FIRST  GROUP. 

Collected  and  investigated  by  Arnold  Hague  and  J.  P.  Iddings. 

A.  Black  obsidian,  Obsidian  Cliff.  Described  by  Iddings,  7th  Ann. 
Contains  raicrolites  of  augite  and  magnetite,  with  traces  of  quartz  and 
feldspar.     Analysis  by  J.  E.  Whitfield,  record  No.  224. 

B.  Red  obsidian,  Obsidian  Cliff.  Described  by  Iddings,  7th  Ann. 
Like  A,  with  ferric  oxide  replacing  magnetite.  Analysis  by  Whit- 
field, No.  223. 

C.  Obsidian,  east  of  Willow  Park.  Black  and  opaque.  Described 
by  Iddings,  Bull.  Phil.  Soc.  Washington,  vol.  12,  p.  204.  Analysis  by 
Whitfield,  No.  222. 

D.  Lithoidite,  Obsidiaji  Cliff.  Described  by  Iddings,  Bull.  150, 
p.  153.  Contains  quartz  and  sanidine,  with  a  little  magnetite  and 
augite.     Analysis  by  Whitfield,  No.  425. 

E.  Rhyolite,  Upper  Geyser  Basin.  See  Iddings,  Bull.  Phil.  Soc. 
Washington,  vol.  12,  p.  204.  Analysis  by  F.  A.  Gooch,  record  No. 
114. 

F.  Rhyolite,  Tower  Creek.  See  Iddings,  Bull.  Phil.  Soc.  Washing- 
ton, vol.  12,  p.  204.     Analysis  by  Gooch,  No.  115. 
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B. 
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.14 
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none 

none 

trace 

75.62 

14.11 

1.74 
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3.63 

.39 
none 

72.59 

13.47 

1.58 

1.32 

1.05 

2.12 

4.63 

2.52 

.18 

.52 

75.50 

13.25 

1.02 

.91 
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4.76 

2.85 

.41 

none 
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.06 
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70.92 

13.24 

3.54 

.66 

.23 

1.42 

4.28 

4.25 
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.16 
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none 
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FeS^ 
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100.24 

100.05 

100.59 

100.48 

CLABKX.] 


IGNEOUS    AND   OBYBTALLINE    ROOKS. 


105 


G.  Rhyolite/' Great  Paint  Pots."  Analysis  by  Gooch,  No.  113, 
hitherto  unpublished. 

H.  Rhyolite,  "Elephants  Back."  Porphyritic  obsidian.  Analysis 
by  Whitfield,  No.  423,  hitherto  unpublished.  Reported  by  Iddings  as 
containing  quartz,  sanidine,  and  a  little  augite  and  magnetite,  in  a 
glassy,  microlitic  groundmass. 

I.  Rhyolite,  Mount  Sheridan.  Composition  reported  by  Iddings  as 
quartz  and  sanidine,  with  a  little  magnetite  and  augite.  Analysis  by 
Whitfield,  No.  426,  hitherto  unpublished. 

J.  Rhyolite,  Madison  Plateau.  Like  I.  Analysis  by  Whitfield,  No. 
427,  not  yet  published. 

K.  Trachytic  rhyolite,  Elk  Creek.  Analysis  by  Whitfield,  No.  428, 
hitherto  unpublished.  Reported  by  Iddings  as  containing  sanidine, 
labradorite,  and  little  biotite,  in  a  groundmass  of  quartz  and  alkali 
feldspar  • 


SiO,.. 
A1,0„ 

FeO.. 
MgO. 
C^O.. 
Na,0. 
K,0.. 
H,0.. 
TiO,  . 
P,05  . 
MnO. 
Li,0  . 
SO,  .. 


G. 


75.71 
11.11 

1.56 
.37 
.08 
.88 

4.64 

4.18 
.35 

1.25 


.07 


100.20 


H. 


75.34 
12.51 

.42 
1.55 

.32 
1.07 
3.31 
4.17 

.86 
none 
none 

.07 
trace 

.42 

100.04 


I. 


75.89 

12.27 

1.12 

1.37 

.29 

.86 

3.23 

3.42 

.82 

.50 

none 

none 

.01 

.28 

100.06 


J. 


75.19 

13.77 

.61 

1.37 

.09 

.68 

3.83 

3.33 

.65 

none 

none 

trace 

.02 

.29 

99.83 


K. 


64.65 

17.80 

2.33 

2.10 

.81 

1.73 

4.18 

2.83 

3.06 

trace 

trace 

trace 

.17 

.43 

100.09 
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L.  Trachytic  rhyolite-tuff,  Two  Ocean  Pass.  Analysis  by  Whitfield, 
No.  906,  hitherto  unpublished.  Reported  by  Iddings  as  containing 
sanidine,  labradorite,  biotite,  magnetite,  and  augite,  in  a  somewhat 
altered,  glassy  groundmass.    Also  contains  fragments  of  andesite. 

M.  Glassy  trachyte,  approaching  rhyolite,  Sunset  Peak,  Bear  Gulch. 
Contains  phenocrysts  of  sanidine,  plagioclase,  and  biotite.  See  Iddings, 
Bull.  Phil.  Soc.  Washington,  vol.  12,  p.  205;  also  Mon.  XXXII, 
Pt.  II.     Analysis  by  L.  G.  Eakins,  record  No.  1378. 

N.  Altered  rhyolite,  "Iron  Pot,''  Lower  Basin.  Collected  by  W.  H. 
Weed.     Analysis  by  Whitfield,  No.  646,  hitherto  unpublished. 

O.  Dacite-porphyry,  Echo  Peak. 

P.  Same  as  O,  Mount  Holmes.  Analyses  O  and  P  by  Whitfield, 
Nos.  421,  422,  hitherto  unpublished.  Reported  by  Iddings  as  con- 
taining plagioclase,  probably  oligoclase,  quartz,  little  biotite,  and 
magnetite.  • 


SiO,.. 
A1,0,. 
Fe,Oa 
FeO  . 
MgO. 
CaO.. 
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K^O.. 
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TiO,  . 
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MnO. 

BaO.. 
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61.15 

15.70 

4.31 

1.12 

3.04 

2.84 

1.54 

2.22 

7.05 

.69 

.75 

trace 
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1.19 

3.19 

5.95 
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1.21 

none 

trace 

trace 

1.11 
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14.83 

1.09 

trace 
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4.38 
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trace 
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trace 
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Q.  Mica-dacite-porphyry,  Bunsen  Peak.  Analysis  by  Whitfield, 
No.  419,  hitherto  unpublished.  Reported  by  Iddings  as  containing 
oligoclase-andesine,  quartz,  biotite,  little  magnetite,  apatite,  and  zircon. 

R.  Mica-dacite-porphyry,  Birch  Hills.  Like  Q  in  composition. 
Analysis  by  Whitfield,  No.  718,  hitherto  unpublished. 

S.  Hornblende-mica-andesite-porphyry,  Fan  Creek.  Analysis  by 
Whitfield,  No.  713,  hitherto  unpublished.  Reported  by  Iddings  as 
containing  andesine-oligoclase,  hornblende,  and  biotite,  in  a  ground- 
mass  of  feldspar  (probably  oligoclase  and  orthoclase),  with  a  little 
magpnetite,  biotite,  and  hornblende. 

T.  Homblende-mica-andesite-porphyry,  Gray  Peak.  Analysis  by 
Whitfield,  No.  716,  hitherto  unpublished.  Composition  similar  to 
that  of  S. 
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R. 

T. 

s. 

SiO, 

70.52 

15.85 

2.28 

.36 

.09 

2.59 

3.93 

3.43 

.35 

trace 

.17  • 
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trace 

.29 

70.24 

17.36 

1.38 
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.53 

2.74 

3.69 

2.65 
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trace 

trace 

none 

none 

trace 
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65.63 

17.00 

2.55 

1.19 

2.03 

3.48 

4.42 

1.64 

2.00 

trace 

.07 

none 

.04 

trace 

trace 

.27 

65.64 
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3.07 

1.29 

1.78 

1.98 

5.77 

2.44 

1.03 

none 
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trace 
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trace 

trace 
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CaO 
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TiO, 
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MnO 
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U.  Hornblende-mica-andesite,  Crescent  Hill.  Analysis  by  Whit- 
field, No.  432,  hitherto  unpublished.  Reported  by  Iddings  as  con- 
taining oligoclase-andesine,  biotite,  and  subordinate  decomposed 
hornblende,  in  a  groundmass  of  feldspar  and  quartz,  with  a  little 
magnetite  and  biotite. 

V.  Hornblende-andesite,  Tower  Creek.  Analysis  by  Gooch,  No. 
117,  hitherto  unpublished.  'Reported  by  Iddings  as  containing  plagio- 
clase,  hornblende,  and  a  little  augite. 

W.  Pyroxene-andesite,  Agate  Creek.  Analysis  by  Whitfield,  No. 
432,  hitherto  unpublished.  Reported  by  Iddings  as  containing  augite, 
hypersthene,  labradorite,  and  magnetite,  in  a  glassy,  microlitic 
groundmass. 

X.  Rhyolitic  perlite,  described  by  Iddings,  Bull.  160,  p.  168. 
Analysis  by  H.  N.  Stokes,  No.  1314,  hitherto  unpublished.  From  a 
bluff  opposite  the  Midway  Geyser  Basin.  Reported  by  Iddings  as 
containing  quartz,  sanidine,  plagioclase,  and  rarely  augite  and  mag- 
netite, with  microscopic  zircon  and  apatite,  in  a  glassy  groundmass. 
P.  R.  C.  61. 
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trace 
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trace 
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MISCELLANEOUS   BOCKS.      SECOND  GBOUP. 

Collected  and  investigated  by  Arnold  Hague  and  J.  P.  Iddings. 

A.  Pyroxene-andesite,  west  of  Dunraven  Peak.  Analysis  by  F.  A. 
Gooch,  record  No.  116,  hitherto  unpublished.  Reported  by  Iddings  as 
containing  labradorite,  augite,  hypersthene,  and  magnetite,  in  a  micro- 
litic  groundmass. 

B.  Basalt,  southwest  of  Dunraven  Peak.  Analysis  by  Gooch,  No. 
118,  hitherto  unpublished.  Reported  by  Iddings  as  containing  augite, 
olivine,  labradorite-bytownite,  and  magnetite,  in  a  globulitic  glassy 
groundmass. 

C.  Basalt,  north  spur  of  Prospect  Peak.  Analysis  by  J.  E.  Whit- 
field, record  No.  431,  hitherto  unpublished.  Reported  by  Iddings  as 
containing  labradorite,  augite,  olivine,  and  magnetite.  Little  glass  in 
groundmass. 

D.  Basalt,  Yellowstone  Canyon.  Analysis  by  Whitfield,  No.  430, 
hitherto  unpublished.  Reported  by  Iddings  as  containing  labradorite- 
bytownite,  augite,  olivine,  magnetite,  and  a  little  brown  glass. 

E.  Basalt,  Stinkingwater  Canyon.  See  Iddings,  Bull.  Phil.  Soc. 
Washington,  vol.  12,  p.  205.  Analysis  by  W.  H.  Melville,  record  No. 
1232. 
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1.62 

1  1.15 

3.17 

.41 

1.81 

trace 

52.37 

16.57 

6.34 

2.35 

5.27 

8.54 

2.99 

2.45 

1.18 

1.04 

.73 

.31 

ALO, 

Fe,0. 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatlOO*» 

H,0  above  100° 

TiOa 

P.O. 

Fe,  metal 

MnO 

.18 

trace 

.07 
.12 

NiO* 

Li,0 

.02 
.51 

.03 
.32 

SOj 

s 

.09 
trace 

CI 

100.55 

100.23 

99.71 

100.24 

100.33 
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F.  Camptonite  (?),  dike  in  Stinkingwater  Canyon.  See  Iddings, 
Bull.  Phil.  Soc.  Washingfon,  vol.  12,  p.  206.  Analysis  by  Melvilles 
No.  1232. 

G.  Kersantite,  Bighorn  Pass.  Described  by  Iddings  in  Mon.  XXXI I , 
Pt  II.  Contains  hornblende,  plagioclase,  orthoclase,  quartz,  aagite, 
biotite,  magnetite,  chlorite,  calcite,  and  apatite.  Augite  and  horn- 
blende partly  decomposed.     Analysis  by  Whitfield,  No.  714. 

H.  Basalt,  dike,  north  spur  of  Mount  Washburn.  Analysis  by 
Whitfield,  No.  717,  hitherto  unpublished.  Reported  by  Iddings  as 
approaching  pyroxene-andesite  in  composition.  Contains  labradorite, 
augite,  serpentinized  olivine,  and  magnetite,  in  a  groundmass  of  globu- 
litic  and  microlitic  brown  glass. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatlW  ... 
H,0  above  IW 
TiO, 

PA 

MnO : 

NIC 

BaO 

LijO 

80a 

a 

CO, 


F. 


50.99 

15.62 

8.47 

1.43 

5.23 

6.53 

3.39 

3.05 

1.39 

2.48 

.67 

.53 

trace 

.07 


99.85 


G. 


) 


48.73 
11.92 
4.79 
4.56 
5.93 
9.24 
2.62 
2.47 

1.52 

1.34 
.32 
.36 


trace 

trace 

.34 

.11 

5.80 

100.05 


H. 


} 


53.75 
20.75 
4.50 
3.53 
3.76 
7.18 
4.16 
1.37 

1.55 

none 

.15 

trace 


trace 
trace 
none 
none 

100.70 
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MONTANA. 
1.    MADISON  AND  GALLATIN   VALLEYS. 

Rocks  collected  by  A.  C.  Peale  and  G.  P.  Merrill.  Described  by 
Merrill  in  Proc.  U.  S.  National  Museum,  vol.  17,  p.  637.  See  also 
BuU.  110,  p.  47. 

A.  Basalt?,  east  side  of  Bozeman  Creek,  2i  miles  southeast  of  Boze- 
man.  Contains  olivine  and  augite,  chloritized  and  serpentinized.  The 
colorless  groundmass  contains  apparently  two  feldspars  and  a  pyrox- 
ene, with  grains  of  iron  oxide.  Analysis  by  T.  M.  Chatard,  record 
No.  517.     Sp.  gr.  2.86.    P.  R.  C.  971. 

B.  P3n*oxene  from  A.     Analysis  by  L.  G.  E^kins,  record  No.  1046. 

C.  Portion  of  A  soluble  in  hydrochloric  acid.  Contains  olivine,  iron 
oxides,  and  decomposition  products.  Analysis  by  Eakins,  record 
No.  817. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 :.. 

K,0 

H,0atl20« 

H,Oabovel20« i 

TiO, 

P,05 

CrA 

MnO 


A. 


46.90 

10.17 

1.22 

5.17 

20.98 

6.20 

1.16 

2.04 

1.04 

4.38 

.41 

.44 

.33 

.10 

100.64 


B. 


} 


52.50 

2.26 

2.05 

2.47 

17.11 

21.70 

.35 

.07 

.64 


1.07 
trace 

100.32 


c. 


20.88 

3.89 

2.21 

4.28 

16.44 

1.01 

trace 

trace 


trace 


48.71 


112  ANALYSES  OF  BOOKS,  U.   8.  GEOLOGIOAL  SURVEY.  [bullIO. 

D.  Highly  altered  porphyrite?,  hills  1  mile  north  of  East  Grallatin 
River,  near  camp  No.  6.  Rock  contains  hornblende  paramorphs  after 
augite  in  a  devitrified  base,  with  amygdules  of  calcite,  chloritic  and 
lerruginous  matter  derived  from  porphyritic  augite  and  olivine.  The 
base  is  also  filled  with  needles,  which  may  be  mica.  Analysis  by 
Eakins,  record  No.  820.     P.  R.  C.  968. 

E.  Lamprophyre,  Cottonwood  Creek.  Contains  porphyritic  augite 
and  olivine  in  an  indeterminate  groundmass  carrying  augite,  iron 
oxides,  and  mica.     Analysis  by  Chatard,  record  No.  616.    P.  R.  C.  979. 

F.  Augite-porphyry ,  Cottonwood  Creek.  Contains  feldspars,  augite, 
and  brown  mica,  with  iron  oxides,  apatite,  glass,  and  secondary  calcite 
and  chlorite.  Carries  porphyritic  plagioclase  and  augite.  No  unal- 
tered, olivine  visible.  Sp.  gr.  2.786.  Analysis  by  Eakins,  record 
No.  819.     P.  R.  C.  965. 


SiO, 

AlA 

Fe,Os 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oatl20°  ... 
H,0  above  120° 
TiO, 

PA 

OA 

MnO 

BaO 

80, 

CO, 


D. 


} 


49.47 
12.15 
1.93 
4.07 
10.86 
9.30 
2.08 
2.42 

4.14 

.21 
.37 
trace 
.10 
.03 


3.31 


100.44 


51.65 

13.89 

2.70 

4.80 

11.56 

4.07 

2.99 

4.15 

1.30 

1.89 

.55 

.21 

.08 

.15 

.19 

.19 


1 

F. 

52.33 

15.09 

4.31 

'      4.03 

6.73 

7.06 

3.14 

3.76 

100.37 


} 


2.68 

.14 
1.02 


.09 
.07 


100.45 
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G.  Basalt?,  Bear  Creek.  Resembles  A,  but  with  a  more  crystalline 
groundmass.  Contains  plagioclase,  possibly  sanidine,  augite,  olivine, 
and  iron  oxides.     Analysis  by  Chatard,  record  No.  1154.     P.  R.  C.  967. 

H.  Lamprophyre,  between  South  Boulder  and  Antelope  creeks. 
Contains  porphyritic  augite  and  olivine  in  a  feldspathic  groundmass, 
with  apatite,  augite,  grains  of  iron  oxide,  and  shreds  of  brown  mica. 
Sp.  gr.  2.96.     Analysis  by  Eakins,  record  No.  1266.     P.  R.  C.  966.' 

I.  Lamprophyre,  hills  east  of  South  Boulder  Creek.  Nodules  from 
a  decomposed  mass.  Shows  sanidine,  plagioclase,  brown  mica,  and 
altered  olivine. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO''.... 

H,0  above  110° 

TiO, 

PA 

CrA 

NiO 

MnO 

BaO 


G. 


49.13 

9.05 

3.57 

5.05 

17.21 

5.68 

2.01 

2.24 

.84 

3.50 

.42 

.38 

.39 

trace 

.15 

.05 


99.67 


H. 


} 


50.82 

11.44 

.25 

8.94 

14.01 

8.14 

1.79 

3.45 

.58 

.59 
.20 
.03 
trace 
.19 
.06 


100.49 


I. 


50.03 
14.08 
2.92 
6.11 
10.73 
7.46 
1.46 
2.64 

3.70 

.61 
.42 
trace 
trace 
.08 
.04 


100.28 
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J.  Hornblende-picrite,  North  Meadow  Creek.  Contains  hornblende, 
abundafit  fresh  olivine,  grains  of  pleonaste  and  ii*on  oxides,  and  occa- 
sionally hypersthene.     Sp.  gr.  3.36.     P.  R.  C.  973. 

K.  Pyroxenite,  divide  between  Meadow  and  Granite  creeks.  Con- 
tains hornblende  and  hypersthene,  with  grains  of  iron  oxide.  P.  B.  C. 
972. 

•  L.  Hypersthene-andesite,  northwest  of  Red  Bluff.  Contains  plagio- 
clase  and  pyroxene,  with  an  amorphous  glassy  base,  and  sometimes 
olivine  altered  to  chloritic  matter. 

M.  Peridotite,  var.  wehrlite,  hills  3  miles  northwest  of  Red  Bluff. 
Contains  olivine,  diallage,  brown  mica,  rarely  plagioclase,  and  second- 
ary iron  oxides.  Sp.  gr.  3.37.  Analyses  J,  K,  L,  and  M  by  Eakins, 
record  No.  1266.     P.  R.  C.  976. 


J. 


SiO,.. 

A1,0,. 

Fe,Os 

FeO.. 

MgO. 

CaC. 

Na,0. 

K,0.. 

H,0.. 

TiO,  . 

PA- 

CrA- 
MnO. 

NiO.. 

BaO.. 

8  .... 

LeesO 


46.13 
4.69 

.73 

16.87 

25.17 

4.41 

.08 

trace 

1.38 

.73 

.07 

.04 
trace 

.09 
trace 

.24 


K. 


100.63 
.12 

100.61 


51.83 

7.98 

1.48 

8.28 

24.10 

5.26 

.35 

.06 

.29 

.29 

.09 

.31 

trace 

.11 


100.43 


59.48 

16.37 

3.21 

3.17 

3.29 

4.88 

3.30 

2.81 

2.01 

.93 

.41 

.03 

.19 

trace 

.13 


M. 


100.21 


48.95 

5.69 

1.20 

12.11 

23.49 

5.33 

1.58 

.79 

.18 

.81 

.12 

.05 

.08 

.16 

trace 


100.54 


1 

I 
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The  following  rocks,  at  first  supposed  to  be  Pliocene  sandstones,  were 
also  described  by  Merrill,  Amer.  Joum.  Sci.,  3d  series,  vol.  32,  p.  119. 
All  consist  of  pumiceous  volcanic  glass.  C,  from  Idaho,  is  included 
here  for  convenience.     Analyses  by  J.  E.  Whitfield,  record  No.  383. 

A.  Little  Sage  Creek. 

B.  Devils  Pathway. 

C.  Marsh  Creek  Valley,  Idaho. 

Iron  and  alumina  weighed  together.  The  iron  is  mostly  in  the  fer- 
rous form. 


SiO,  

AljOs,  Fe,0,  . . . . 

MgO 

CaO 

Na,0 

K,0  

H,Oatl05* 

H,0  at  red  heat. 


L 


A. 

B. 

65.56 

65.76 

18.24 

17.18 

.72 

trace 

2.58 

2.30 

2.08 

2.22 

3.94 

3.14 

1.12 

3.46 

6.50 

5.60 

100.74 

99.66 

68.92 
16.22 
trace 
1.62 
1.56 
4.00 
1.60 
6.00 


99.92 


The  following  examples  of  volcanic  dust  or  sand,  from  the  Gallatin 
VaUey,  were  collected  by  A.  C.  Peale.  Analyses  A,  B,  C,  and  D  by 
F.  W.  Clarke,  record  No.  379.  Analysis  E  by  H.  N.  Stokes,  record 
No.  1314. 

A.  Dry  Creek  Valley,  above  the  mouth  of  Pass  Creek. 

B,  C.  Near  Bozeman. 

D.  Near  Fort  Ellis. 

E.  Essentially  rhyolitic  glass,  described  by  Iddings  in  Bull.  150, 
I).  146.     Gallatin  Valley. 


A. 

B. 

c. 

71.01 
1    15.17 

D. 

E. 

SiO,  

46.09 
1    14.35 

61.82 
1    19.86 

60.98 
}     21.69 

68.68 
12.69 
1.14 
1.17 
1.14 
1.11 
1.23 
5.58 
7.99 
tract 

ALO, 

Fe,0. 

FeO  

MffO 

1.29 
1.61 

1      1.47 

6.45 

.51 

1.78 

2.38 

1.31 

11.47 

.34 
1.19 
2.77 
2.97 
6.34 

1.33 

1.83 

.80 

1.23 

11.96 

CaO  

Na,0 

K,0  

IfinitioD 

MnO^ 

CaCO.      

28.72 

99.98 

99.13 

99.79 

99.82 

100.73 

116         ANALYSES  OF  BOCKS,  U.  8.  GEOLOGICAL  8UBVEY.         [bull.  188. 

2.    BUTTE   AND  BOULDER  DI8TKICT8. 

Rocks  received  from  W.  H.  Weed  and  G.  W.  Tower.  The  granite 
rocks  are  described  by  Weed  in  Journ.  GeoL,  vol.  7,  p.  737.  All  the 
rocks  will  be  described  in  the  21st  Annual  Report. 

A.  Butte  granite.  A  quartz-monzonite,  variety  banatite,  from  Walk- 
erville  Station.  Contains  quartz,  andesine,  orthoclase,  hornblende, 
and  biotite,  with  a  little  titanite,  apatite,  and  magnetite. 

B.  Biotite  from  A. 

C.  Amphibole  from  A. 

D.  Butte  granite,  like  A,  from  the  Frohner  mine,  10  miles  south  of 
Helena. 

Analyses  by  H.  N.  Stokes,  record  Nos.  1686,  1787,  1808. 


A. 

B. 

C. 

D. 

SiO, 

63.88 

15.84 

2.11 

2.59 

2.13 

3.97 

2.81 

4.23 

.22 

.66 

.65 

.21 

.07 

.02 

.09 

trace 

.34 

trace 

35.79 

13.70 

5.22 

13.72 

12.13 

.05 

.15 

9.09 

1.21 

3.64 

3.51' 

.10 

.19 

none 

.13 

trace 

• 

45.73 

6.77 

4.94 

10.39 

12.32 

.     11.25 

.77 

1.22 

.49 

2.29 

1.43 

.35 

.54 

none 

none 

trace 

64.17 

15.25 

2.16 

2.98 

2.60 

4.24 

2.62 

4.34 

.16 

.65 

.67 

.16 

.04 

trace 

.07 

trace 

.07 

trace 

ALO. 

Fe,0. 

FeO 

MffO 

CaO 

Na,0 

K,0 

HjOatllO** 

H,0  above  110** 

TiO, 

P.Oft 

MnO 

SrO 

BaO 

Li,0 

80, 

CI 

.20 
.76 

F 

.28 

Less  0 

99.82 

99.59 
.37 

98.77 
.12 

100.18 

99.22 

98.65 
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E.  Butte  granite,  Gragnon  mine,  Butte. 

F.  Butte  granite,  Atlantic  mine,  Butte. 

G.  Butte  granite,  Alice  mine,  Butte.  Analyses  E,  F,  and  G  by 
7,  H.  Hillebrand,  record  No.  1692.  Mineralogically  the  rocks  are 
ke  A  and  D. 

H.  Weathered  Butte  granite. 

I.  Altered  Butte  granite.  Decomposed  near  quartz-pyrite  veins, 
hows  opaline  silica,  with  sericite  derived  from  feldspar.  Hornblende 
one;  mica  recognizable  only  as  sericite  masses  having  the  form  of 
iotite. 

Analyses  H  and  1  by  Stokes,  record  Nos.  1792,  1787. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO**... 

H,0  above  110* 

TiO, 

PA 

ZrO, 

MnO 

NiO 

SrO 

BaO 

CO, 

SO, 

FeS, 

Cu 


E. 


64.05 

15.38 

2.20 

2.74 

2.08 

4.30 

2.74 

4.00 

.27 

.83 

.60 

.21 

.     (?) 
.11 

trace  ? 

.04 

.08 

.36 


.07 
.005 


100.065 


r. 


64.34 

15.72 

1.62 

2.94 

2.17 

4.24 

2.76 

4.04 

.26 

.76 

.63 

.14 

.02 

.12 

trace? 

.03 

.06 

.03 


03 
005 


99.806 


G. 


63.87 

15.39 

1.93 

3.08 

2.23 

4.30 

2.76 

4.18 

.19 

.69 

.66 

.17 

.03 

.11 

trace 

.04 

.07 

.15 


.07 
.006 


99.915 


H. 


66.14 

16.63 

2.37 

2.13 

1.86 

3.62 

2.63 

4.29 

.37 

.75 

.59 

.16 


trace 


trace 
.10 

none 
.05 


99.68 


I. 


64.81 

19.44 

1.82 

.16 

.19 

.18 

.21 

6.30 

1.41 

6.26 

.73 

.10 


trace 


trace 
.10 

none 
.31 


100.01 


Traces  of  lithia  in  all  five  rocka  of  this  table. 
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J.  Granite,  Boulder  type,  near  Boulder.  Near  adamellite.  Con- 
tains quartz,  feldspar,  black  mica,  and  dark-green  hornblende.  Has 
an  unusual  amount  of  plagioclase. 

K.  Bluebird  granite,  Nettie  mine,  Butte  district.  An  aplite.  Con- 
tains orthoclase  and  quartz,  with  a  little  plagioclase  and  a  sprinkling 
of  biotite. 

L.  Same  rock  and  locality  as  K.  Analysis  by  W.  F.  Hillebrand, 
record  No.  1692. 

'  M.  Diorite,  Red  Mountain,  east  of  Butte.  Contains  pale-green  to 
colorless  hornblende,  plagioclase  varying  from  labradorite  to  albite, 
some  orthoclase,  and  a  little  quartz.  Biotite,  apatite,  and  magnetite 
also  occur. 

N.  Diorite,  Red  Mountain.  Contact  of  granite  with  limestones. 
Consists  mainly  of  green  hornblende  and  ^^ basic''  plagioclase.  Little 
quartz  present. 

O.  Quartz-monzonite,  Red  Rock  Creek,  north  of  Butte.  Contains 
hornblende,  augite,  biotite,  plagioclase,  and  orthoclase,  with  a  little 
magnetite  and  apatite. 

Analyses  J,  K,  M,  N,  and  O  by  H.  N.  Stokes,  record  Nos.  1686, 1787. 


J. 

K. 

L. 

M. 

N. 

0. 

SiO, 

67.12 

15.00 

1.62 

2.23 

1.74 

3.43 

2.76 

4.52 

.09 

.58 

.48 

.15 

none 

.06 

.03 

.07 

trace 

76.87 

12.52 

.67 

none 

.09 

.49 

2.47 

5.78 

.25 

.52 

.11 

.05 

77.05 

12.84 

.56 

.14 

trace 
.57 

2.81 

5.52 
.22 
.48 
.12 

none 

56.41 

17.62 

1.24 

3.55 

3.97 

8.66 

3.25 

2.61 

.14 

.76 

.68 

.49 

49.22 

12.02 
2.77 
8.80 
9.29 

10.56 
1.90 
1.70 

>  .27 

1.63 

.95 

.43 

61.64 

15.63 

3.39 

2.69 

2.82 

4.90 

2.64 

3.72 

.28 

.91 

.71 

.21 

trace 

.04 

.04 

.08 

trace 

ALO, 

^^'a*  -------- 

Fe,0, 

FeO 

MgO 

CaO 

Na,0.' 

K.O 

HjOatllO**... 
H,0  above  110« 
TiO, 

P-Oft 

Cr.O. 

vy«|Vdrg.  ........ 

MnO 

trace 
none 
none 
trace 
1  trace 

none 

none 
none 
none 
trace 

.08 

.08 

.09 

none 

none 

none 

.07 

trace 
.03 
.03 

trace 
.05 
.04 
.08 

SrO 

BaO 

LLO 

8 

80. 

trace 

none 

P^v^g     .......... 

01 

• 

99.88 

99.82 

100.31 

99.70 

99.77 

99.70 
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P.  Pitchstone,  or  rhyolite-dacite  obsidian,  Butte.  Phenocryste  of 
andesine,  quartz,  and  orthoclase  in  a  glassy  base. 

Q.  Rhyolite,  Hyde  Park  dike,  Butte  district.  Contains  sanidine, 
quartz,  plagioclase,  and  biotite  in  a  groundmass  of  quartz  and  feldspar. 

R.  Rhyolite,  top  of  Red  Mountain,  Rimini.  Quarts  and  feldspar 
phenocrysts  in  a  groundmass  of  the  same  minerals. 

S.  Quartz-porphyry,  Modoc  mine,  Butte  district.  Contains  quartz, 
orthoclase,  and  plagioclase  in  a  groundmass  of  quartz  and  feldspar. 
A  few  small  biotites  are  present.     Feldspar  partly  altered  to  sericite. 

T.  Andesite- porphyry,  Hiawatha  Creek,  above  basin.  Contains  pla- 
gioclase, orthoclase,  and  augite. 

U.  Andesite-porphy  ry ,  Zosel  mining  district,  near  Daylight.  Some- 
what altered.  Contains  augite,  andesine,  and  olivine  in  a  groundmass 
of  plagioclase,  augite  and  iron  oxide.  Ferromagnesian  minerals 
altered  to  serpentine. 

Analysis  S  by  Hillebrand,  record  No.  1692.  P,  Q,  R,  T,  an.d  U  by 
Stokes,  record  Nos.  1686,  1787. 


P. 

Q. 

R. 

s. 

T. 

U. 

SiO, 

67.56 

15.68 

.98 

1.02 

1.11 

2.51 

4.15 

2.86 

.38 

2.76 

.34 

.12 

none 

trace 

.03 

.11 

none 

none 

none 

74.34 

12.97 

.75 

.54 

.86 

.85 

2.49 

4.72 

1.03 

1.11 

.18 

.07 

.05 

trace 

trace 

.07 

trace 

none 

.03 

75.30 

11.95 

^    2.17 

.05 

.62 

3.09 

4.96 

.36 

.61 

.17 

trace 

69.95 

15.14 

.38 

.83 

.56 

1.45 

2.70 

6.36 

.40 

.91 

.24 

.10 

.02 

.08 

.02 

.13 

trace 

.37 

62.53 

19.01 

1.96 

"      1.44 

1.29 

5.17 

3.45 

3.30 

.21 

.45 

.65 

.17 

54.61 

15.23 

3.51 

4.80 

4.69 

7.41 

1.46 

2.70 

.32 

2.47 

.86 

.35 

none 

.09 

.04 

.11 

trace 

1.46 

none 

ALO. 

Fe,0» 

«-  v^vxg.  ........ 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO*... 
H,0  above  110** 
TiO, 

P.Os 

ZrO, 

MnO 

trace 
none 
trace 
trace 
none 
.44 

.03 

.04 

.13 

trace 

none 

none 

SrO 

BaO 

Li,0 

CO, 

so. 

FeS, 

a.  39 

undet. 

.03 

CI 

.05 

none 

trace 

none 

Cu 

Organic  matter 

.45 

99.65 

100.06 

100.17 

100.06 

99.83 

100.11 

a  other  sulphides  than  pyrite  present. 


120  ANALYSES  OF  ROCKS,   U.   S.   GEOLOGICAL  SURVEY.         [bull.  168. 


3.    CRAZY  MOUNTAINS. 

The  greater  number  of  the  rocks  in  this  group  were  received  from 
J.  E.  Wolff,  who  has  supplied  the  petrographic  data.  The  few  excep- 
tions are  properly  indicated.  The  three  tinguaites  and  the  elsBolite- 
syenite  were  described  by  Wolff  and  Tarr  in  Bull.  Mus.  Compar.  Zool- 
ogy, vol.  16,  No.  12, 1893,  in  a  paper  upon  "Acmite-Trachyte  from  the 
Crazy  Mountains. "  The  renaming  of  these  rocks  is  due  to  Wolff.  The 
analyses,  except  when  otherwise  stated,  are  by  W.  F.  Hillebrand, 
record  No.  1438. 

A.  Granitite,  Big  Timber  Creek.  Small  dikes  in  main  diorite  stock. 
Contains  quartz,  orthoclase,  plagioclase  (oligoclase),  and  biotite. 

B.  Hornblende-granitite,  main  stock.  Big  Timber  Creek.  Contains 
biotite,  hornblende,  quartz,  orthoclase,  and  plagioclase  (oligoclase). 

C.  Granite-porphyry,  intrusive  sheet,  north  pai*t  of  the  mountains. 
Contains  orthoclase,  albite,  quartz,  biotite,  and  green  hornblende  in  a 
groundmass  of  quartz  and  untwinned  feldspar. 

D.  Porphyrite,  intrusive  sheet.  Sweet  Grass  Creek.  Contains  horn- 
blende and  andesine  in  a  groundmass  of  plagioclase,  orthoclase,  and 
quartz,  with  accessory  magnetite. 

E.  Porphyrite,  dike  in  contact  zone.  Sweet  Grass  Creek.  Contains 
brown  hornblende,  biotite,  and  labradorite  in  a  groundmass  of  plagio- 
clase, biotite,  and  hornblende,  with  a  little  quartz  and  orthoclase. 

F.  Porphyrite,  intrusive  sheet,  middle  peak  of  Three  Peaks.  Con- 
tains andesine,  hornblende,  augite,  and  biotite  in  a  groundmass  of 
plagioclase,  orthoclase,  and  quartz. 


A. 

B. 

C. 

D. 

E. 

F. 

SiO, 

74.37 

13.12 

.73 

.87 

.35 

1.26 

2.57 

6.09 

.05 

.25 

.29 

.06 

trace 

trace 

.10 

trace 

64.47 

15.45 

2.25 

2.25 

2.68 

3.63 

4.54 

3.19 

.05 

.63 

.75 

.22 

.06 

.04 

.23 

trace? 

69.93 

14.95 

1.78 

.55 

.60 

1.46 

5.30 

3.99 

.12 

.32 

.33 

.33 

trace 

.06 

.29 

trace 

66.28 

16.21 

.80 

2.06 

1.57 

3.53 

4.36 

3.20 

.12 

.78 

.50 

.20 

trace 

.05 

.34 

trace? 

100.00 

64.49 

17.25 

.86 

2.42 

1.24 

3.79 

4.19 

4.15 

.06 

.54 

.51 

.23 

trace 

.08 

.30 

trace 

61.08 

16.62 

2.87 

2.56 

1.65 

3.66 

4.75 

3.90 

.44 

.97 

.73 

.63 

trace 

.08 

.32 

•^M^^J  .......... 

Al,Oa 

Fe,Os 

FeO 

MffO 

CaO 

Na,0 

K,0 

a^'  .......... 

H,OatllO*»... 
H,0  above  110° 
TiO, 

P.Ofi 

X      0     •••••--•• 

MnO 

SrO 

BaO 

LLC 

trace 

■a^.jv^ .......... 

100.11 

100.44 

100.01 

100.11 

100.26 

CLAJIKB.] 


IGNEOUS    AND   CRYSTALLINE   BOOKS. 


121 


G.  Porphyrite,  intrusive  sheet,  north  of  Shields  River  Basin.  Con- 
tains plagioclase,  hornblende,  and  biotite,  in  a  groundmass  of  plagio- 
clase,  a  little  orthoclase,  augite,  hornblende,  and  magnetite. 

H.  Porphyrite,  intrusive  sheet,  northern  part  of  the  mountains. 
C!ontains  brown  hornblende,  green  augite,  and  plagioclase,  in  a  ground- 
mass  of  plagioclase,  augite,  and  magnetite,  with  accessory  apatite. 

I.  Syenite,  ridge  north  of  Shields  River  Basin.  Contains  horn- 
blende, green  augite,  and  anorthoclase,  with  accessory  sphene,  apatite, 
and  magnetite. 

J.  Diabase-porphyrite  (?),  dike  south  of  Shields  River  Basin.  Con- 
tains labradorite  and  decomposed  augite  in  a  groundmass  of  plagio- 
clase, epidote,  and  chlorite. 

K.  Diorite-porphyrite,  Big  Timber  Creek.  Contains  labradorite, 
augite,  hornblende,  biotite,  orthoclase,  quartz,  magnetite,  and  apatite. 

L.  Quartz-diorite,  main  stock  on  Sweet  Grass  Creek.  Contains 
hornblende,  biotite,  augite,  labradorite,  orthoclase,  and  quartz,  with 
accessory  apatite,  magnetite,  olivine,  and  hypersthene. 


G. 

H. 

I. 

J. 

K. 

L. 

SiO, 

56.75 

16.40 

4.78 

3.10 

3.22 

5.34 

4.19 

3.36 

.40 

.82 

.86 

.52 

.17 

.10 

.33 

trace? 

54.69 

16.53 

4.54 

2.83 

2.99 

5.34 

5.19 

3.93 

.32 

1.05 

.91 

.73 

.07 

.06 

.37 

trace? 

trace 

.83 

58.28 

17.89 

3.20 

1.73 

1.51 

3.69 

5.89 

5.34 

.17 

.98 

.64 

.26 

.06 

.05 

.36 

trace 

58.28 

19.37 

1.35 

2.98 

1.30 

4.78 

4.40 

3.75 

.44 

1.78 

.96 

.35 

.07 

.09 

.25 

trace? 

54.56 

17.58 

4.30 

4.98 

2.86 

6.00 

4.43 

2.70 

.02 

.38 

1.34 

.60 

.06 

.08 

.27 

trace 

53.48 

19.35 

2.37 

4.90 

3.67 

7.55 

4.07 

1.41 

.16 

.80 

1.07 

.62 

.06 

.11 

.19 

trace? 

Al-0. 

AM.M2^~-'^-     ........ 

Fe,Os 

FeO 

MeO 

CaO..: 

Na,0 

K,0. 

H,OatllO*»  .. 
H^O  above  110** 
TiO, 

P,0. 

MnO 

SrO 

BaO 

LijO 

CI 

CO, 

.33 

*      .08 

1        ^^ ^^z   •••••••-•• 

t 

I 

100.34 

100.38 

100.05 

100.48 

100.16 

99.89 
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M.  Diorite,  head  of  Rock  Creek.  Contains  biotite,  labradorite,  and 
augite,  in  a  groundmass  of  plagioclase,  orthoclase,  and  quartz,  with 
accessory  magnetite,  apatite,  and  hornblende. 

N.  Diorite,  main  stock.  Big  Timber  Creek.  Contains  biotite,  augite, 
labradorite,  quartz,  orthoclase,  apatite,  and  magnetite. 

O.  Olivine-gabbro,  Big  Timber  Creek.  Contains  labradorite  (?), 
brown  hornblende,  augite,  olivine,  and  magnetite. 

P.  Bock  from  Musselshell  River,  north  of  Crazy  Mountains.  Re- 
ceived from  J.  S.  Diller,  but  undescribed.  Regarded  by  W.  H.  Weed 
as  monchiquite.     Analysis  by  L.  G.  Eakins,  record  No.  1021. 

Q.  Homstone,  metamorphosed  shale,  contact  zone.  Sweet  Grass 
Creek.     An  aggregate  of  augite,  quartz,  triclinic  feldspar,  and  biotite. 


M. 

N. 

0. 

P. 

Q. 

SiO, 

57.97 

15.65 

.73 

2.80 

4.96 

10.93 

3.03 

3.16 

.22 

.38 

.60 

.15 

50.73 

19.99 

3.20 

4.66 

3.48 

8.55 

4.03 

1.89 

.11 

.66 

1.59 

.81 

40.42 

9.98 

9.83 

10.67 

11.56 

10.78 

1.26- 

.60 

.45 

1.17 

2.51 

.63 

.02 

.25 

.02 

.05 

trace 

44.66 
12.12 
5.81 
3.20 
8.77 
8.14 
4.47 
2.75 

1      4.33 

1.02 
2.02 

57.31 

14.24 

1.00 

3.24 

4.60 

11.31 

2.64 

4.55 

.25 

.  .24 

.52 

.18 

A1,0« 

Fe,0. 

M.  ^^VdTg  ............... 

FeO 

MffO 

CaO 

Na,0 

K,0 

HjOatllO® 

H,0  above  110** 

TiO, 

P»0. 

(CoNi)O 

MnO 

trace 
.02 
.09 

trace 

.05 

.11 

.27 

trace 

.21 

.08 
trace? 

.19 
trace? 

.17 

SrO 

BaO 

LLC 

CO, 

2.19 

CI 

F 

trace 
trace 

100.69 

100.13 

100.20 

99.69 

100.52 
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R.  ElsBolite-syenite,  Peaked  Butte,  northeast  side  of  the  mountains. 
Described  by  Wolff  and  Tarr,  I.  c.  Contains  anorthoclase,  augite, 
occasionally "sodalite,  aegirine,  apatite,  magnetite,  and  some  interstitial 
nephelite.    Analysis  by  W.  H.  Melville,  record  No.  1291. 

Ra.  Anorthoclase  from  R.  Analysis  by  W.  F.  Hillebrand,  record 
No.  1297. 

S.  Tingoaite,  var.  sOlvsbergite,  intrusive  sheet  north  of  Shields 
River. 

T.  Tinguaite,  var.  sOlvsbergite,  dike  north  part  of  mountains. 

U.  Tinguaite,  var.  sOlvsbergite,  dike  at  head  of  Sixteenmile  Creek. 

S,  T,  and  U  are  the  rocks  described  by  Wolff  and  Tarr  in  their 
paper  upon  "Acmite-Trachyte."  Mineral  composition  the  same  as 
under  R.     Analyses  by  W.  H.  Melville,  record  No.  1291. 


8iO, 

MO...... 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oatl05*».... 
H,0  above  105*» 
TiO, 

PA 

MnO 

SrO 

BaO 


R. 


59.66 

16.97 

3.18 

1.16 

.80 
2.32 
8.38 
4.17 

.07 
2.63 
trace 

.14 

.19 


99.56 


Ra. 


62.31 
22.63 


.63 

7.68 

4.79 

.16 

.72 


.67 
.77 


100.26 


8. 


58.70 

19.26 

3.37 

.58 

.76 

1.41 

8.55 

4.63 

.07 

2.57 

trace 

.10 

.10 


100.00 


T. 


62.17 

18.58 

2.15 

1.05 

.73 

1.57 

7.56 

3.88 

.07 

1.63 

trace 

.11 

trace 


99.50 


u. 


64.33 

17.62 

3.06 

.94 

.34 

.56 

7.30 

4.28 

.04 

.95 

trace 

trace 

.35 


99.67 


V.  Theralite,  Gordons  Butte.  Contains  green  augite,  segirine,  bio- 
tite,  olivine,  nephelite,  sodalite,  and  a  feldspar,  partly  sanidine,  con- 
taining K,  Na,  Ba,  Sr,  and  Ca;  also  accessory  apatite,  magnetite,  and 
sphene. 

W.  Theralite,  Gordons  Butte;  another  sample.  Analysis  by  E.  A. 
Schneider,  record  No.  1281. 

X.  Theralite,  north  of  Alabaugh  Creek.  Descrided  by  Wolff  for 
the  Educational  Series.  Contains  augite,  aegirine,  biotite,  olivine,  mag- 
netite, apatite,  nephelite  partly  zeolitized,  a  mineral  of  the  sodalite 
group,  sanidine,  and  analcite.     Analysis  by  Schneider,  No.  1281. 

Rocks  V,  W,  and  X  are  described  by  Wolff  in  Bull.  150,  pp.  197, 199. 
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Y.  Altered  theralite,  head  of  Shields  River,  west  of  Loco  Mountain. 
Received  from  W.  H.  Weed.  Analysis  by  H.  N.  Stokes,  record  No. 
1547. 

Z.  Homblende-picrite,  Conical  Peak.  Data  supplied  by  J.  P. 
Iddings.  Contains  hornblende,  plagioclase,  hypersthene,  augite,  oli- 
vine, very  little  primary  quartz,  and  probably  some  magnetite  and 
apatite.     Analysis  by  L.  G.  Eakins,  record  No.  1379. 


v. 

W. 

X. 

Y. 

z. 

SiO, 

44.65 

13.87 

6.06 

2.94 

5.15 

9.57 

5.67 

4.49 

.96 

2.10 

.95 

1.50 

44.31 

17.20 

4.64 

3.73 

6.57 

10.40 

4.45 

3.64 

.77 

3.30 

iindet. 

47.67 

18.22 

3.65 

3.85 

.    6.35 

8.03 

4.93 

3.82 

.38 

2.97 

undet. 

48.90 

14.70 

4.14 

3.68 

3.95 

8.26 

5.22 

.56 

.52 

2.44 

.95 

.79 

• 

45.71 

10.80 

4.43 

9.35 

13.75 

10.48 

1.58 

.85 

1        .97 

1.83 
.11 
.10 
.17 

1       '-'•VXJ  ........  ........ 

ALOs 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

KaO 

H,Oat  110** 

HjO  above  110° 

TiO, 

•»»-»■]{ ................ 

P,Os 

*  J^^O  ---------------- 

Cr-0, 

MnO 

.17 
.37 
.76 

trace 
.11 
.61 

trace 

.10 

.28 

.03 
.13 
.31 
trace 
5.42 
.04 

SiO 

BaO 

Li,0 

trace 

CO, 

\^N^2      ---------------- 

80. 

t^-\^^  ................ 

a 

......^a.. 

99.92 

99.11 

100.15 

100.04 

100.13 

1 
1 

4.    LITTLE   BELT  MOUNTAINS. 

Rocks  collected  by  W.  H.  Weed  and  L.  V.  Pirsson,  who  furnish  the 
petrographic  data.  To  be  described  in  a  paper  on  the  Neihart  and 
Barker  mining  districts  in  Pt.  Ill  of  the  20th  Ann.  Analyses  by 
W.  F.  Hillebrand,  record  No.  1476,  and  H.  N.  Stokes,  record  No.  1547. 

A.  Quartz-porphyry,  Yogo  Peak,  sheet  at  head  of  Belt  and  Running 
Wolf  creeks.  Phenocrysts  of  orthoclase  and  quartz  in  a  groundmass 
of  quartz  and  alkali  feldspar,  with  a  little  white  mica  and  some  kaolin. 
Chlorite,  limonite,  and  calcite  are  also  present,  pseudomorphous  after 
biotite  and  perhaps  hornblende.  Total  amount  of  secondary  minerals 
very  small.     Analysis  by  Hillebrand. 
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B.  Granite-porphyry,  Wolf  Butte.  Phenocrysts  of  quartz,  ortho- 
clase,  plagioclase,  and  biotite  in  a  groundmass  of  quartz  and  alkali 
feldspar.  A  little  apatite  and  iron  ore,  with  secondary  caleite,  limon- 
ite,  chlorite,  and  white  mica.     Analysis  by  Stokes. 

C.  Granite-porphyry,  top  of  Barker  Mountain.  Phenocrysts  of 
orthoclase,  oligoclase,  biotite,  green  hornblende,  sphene,  and  iron  ore, 
in  a  groundmass  of  quartz  and  alkali  feldspar.  Also  a  little  apatite 
and  some  secondary  chlorite  and  limonite.     Analysis  by  Stokes. 

D.  Syenite,  Wright  and  Edwards  mine,  Hughesville,  near  Barker. 
Very  fresh  rock.  Contains  magnetite,  ilmenite,  hornblende,  anortho- 
clase,  albite,  subordinate  quailz,  a  little  chlorite,  caleite,  and  limonite, 
and  white  mica  in  traces.     Analysis  by  Stokes. 

E.  Syenite,  Yogo  Peak.  Described  in  Amer.  Journ.  Sci. ,  3d  series, 
vol.  50,  p.  471.  Contains  apatite,  sphene,  iron  ore,  pyroxene,  horn- 
blende, biotite,  orthoclase,  oligoclase,  and  quartz,  with  traces  of  chlo- 
rite and  limonite  and  a  little  kaolin.     Analysis  by  Hillebrand. 

F.  Syenite-porphyry,  dike  at  head  of  Sheep  Creek.  Phenocrysts  of 
orthoclase,  some  plagioclase,  and  green  hornblende,  in  a  groundmass 
of  alkali  feldspar,  with  some  quai*tz.  Also  contains  a  little  apatite 
and  iron  ore,  with  some  secondary  caleite  and  kaolin.  Analysis  by 
Hillebrand. 
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.24 
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3.43 
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.06 

trace 

trace 

trace 
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14.97 
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.66 

2.10 

3.38 

4.40 

1.09 
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16.13 

2.22 
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1.36 

4.37 

4.89 
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.32 
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64.64 

16.27 

2.42 

1.58 

1.27 

2.65 

4.39 

4.98 

.09 
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.51 

.37 

61.65 

15.07 

2.03 

2.25 

3.67 

4.61 

4.35 

4.50 

.26 

.41 

.56 

.33 

trace 

.09 

.10 

.27 

trace 

66.29 

15.09 

1.37 

1.17 

2.39 

2.38 

3.96 

4.91 

.39 

.60 

.27 

.15 

none 

.06 

.07 

.30 

trace 

.45 

Fe,0, 

FeO 

MffO 

CaO 

Na,0 

K,0 

HjOatllO**... 
H,0  above  110*» 
TiO, 

P.Oft 

0,0. 

MnO 

trace 
.06 
.14 

trace 
.88 

trace 

trace 

trace 
.09 
.27 

trace 

trace 
.08 
.18- 

SrO 

BaO 

LLC 

M^mj-^r      ......... 

CO, 

.37 

trace 

.05 

80, 

trace 
trace 

CI 

100.18 

99.86 

100.37 

100.12 

100.15 

99.85 
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G.  Syenite-porphyry,  intrusive  sheet,  between  Yogo  Peak  and  Big 
Baldy  Mountain.  Abundant  phenocrysts  of  hornblende  and  ortho- 
clase,  with  less  biotite  and  plagioclase,  in  a  groundmass  of  alkali  feld- 
spar with  accessory  quartz.  Also  contains  iron  ore  and  apatite,  with 
secondary  calcite,  chlorite,  sericite,  and  kaolin.  Analysis  by  Hille- 
brand. 

H.  Granite-syenite-porphyry,  north  end  of  Thunder  Mountain. 
Phenocrysts  of  orthoclase,  oligoclase,  hornblende,  and  biotite,  in  a 
groundmass  of  alkali  feldspar  and  very  abundant  quartz.  Also  con- 
tains a  little  sphene,  iron  ore,  and  apatite,  very  little  secondary 
chlorite  and  limonite,  and  a  trace  of  kaolin.     Analysis  by  Stokes. 

1.  Quartz-syenite-porphyry,  top  of  Big  Baldy  Mountain.  Pheno- 
crysts of  orthoclase,  plagioclase,  biotite,  iron  ore,  brown  hornblende, 
and  sphene,  in  a  groundmass  of  quartz  and  alkali  feldspar.  Also  con- 
tains a  little  apatite,  with  traces  of  chlorite,  limonite,  and  kaolin. 
Analysis  by  HiUebrand. 

J.  Syenite-diorite-porphyry,  talus  slope  on  west  side  of  Bear  Park. 
Phenocrysts  of  biotite,  hornblende,  plagioclase,  and  orthoclase,  in  a 
groundmass  of  quartz  and  alkali  feldspar.  Also  contains  a  little  mag- 
netite, chlorite,  white  mica,  and  apatite.     Analysis  by  Stokes.      ^ 

K.  Diorite-porphyry,  Steamboat  Mountain.  Phenocrysts  of  ortho- 
clase, plagioclase,  hornblende,  and  biotite,  with  a  little  iron  ore  and 
apatite,  in  a  groundmass  of  orthoclase,  plagioclase,  and  quartz.  Anal- 
ysis by  Stokes. 

L.  Diorite,  Carpenter  Creek,  near  Neihart.  Contains  green  horn- 
blende, biotite,  and  plagioclase,  with  some  apatite,  iron  ore,  calcite, 
kaolin,  and  muscovite,  and  a  very  little  quartz  and  orthoclase.  Analysis 
by  Hillebrand. 
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Q. 
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trace 
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trace 
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trace 

67.04 

15.25 

1.69 

1.13 

1.75 
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4.09 
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trace? 

64.95 

15.44 
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3.07 

4.25 

3.87 

.26 

.85 

.39 
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trace 

.10 

.35 
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3.92 
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.55 
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trace 
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1.52 

4.29 

1.80 
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4.31 
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.40 

.13 
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Fe,0, 

FeO 

MffO 

CaO 

Na,0 : 
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TiO, 
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MnO 

SrO 

BaO 
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CO, 
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trace 
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01 
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100.32 
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100.11 

100.23 
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M.  Minette,  intrusive  sheet,  head  of  Sheep  Creek. .  Chiefly  biotite, 
augite,  and  orthoclase,  with  accessory  apatite,  plagioclase,  quaitz,  and 
iron  ore,  and  some  secondary  calcite,  chlorite,  and  kaolin.  Analysis 
by  Hillebrand. 

N.  Monzonite,  Yogo  Peak.  Described  in  Amer.  Journ.  Sci.,  3d 
series,  vol.  50,  p.  473,  and  4th  series,  vol.  1,  p.  356.  Contains  apatite, 
sphene,  iron  ore,  pyroxene,  hornblende,  biotite,  orthoclase,  and  oligo- 
clase,  and  a  little  secondary  kaolin.     Analysis  by  Hillebrand. 

O.  Monchiquite,  dike  on  Big  Baldy  Mountain.  Contains  much 
pyroxene,  a  few  serpentinized  olivines,  iron  ore,  and  apatite  in  a  color- 
less base  of  analcite.     Analysis  by  Hillebrand. 

P.  Monchiquite,  dike  on  Bandbox  Mountain.  Contains  olivine, 
augite,  biotite,  analcite,  and  apatite,  with  traces  of  serpentine  and 
chlorite.     Analysis  by  Stokes. 

Q.  Shonkinite,  Yogo  Peak.  Described  in  Amer.  Journ.  Sci.,  3d 
series,  vol.  50,  p.  474.  Chiefly  augite  and  orthoclase,  with  a  consider- 
able amount  of  accessory  biotite,  iron  ore,  and  andesine,  less  apatite 
and  olivine,  and  a  trace  of  kaolin.     Analysis  by  Hillebrand. 
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trace 
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5.    CASTLE   MOUNTAIN   DISTRICT. 

Rocks  described  by  Weed  and  Pirsson  in  Bull.  139.  Analyses  made 
by  Pirsson  in  the  labo^ato^y^of  the  Sheffield  Scientific  School. 

A.  Rhyolite,  between  Fourmile  and  Fivemile  creeks,  near  Smith 
River.  Contains  quartz,  soda  orthoclase,  tourmaline,  and  a  little  iron 
ore  and  zircon.     P.  R.  C.  560. 

B.  Quartz-tourmaline-porphyry,  upper  Fourmile  Creek.  Contains 
quartz,  orthoclase,  plagioclase,  tourmaline,  fluorite,  and  a  little  white 
mica,  apatite,  and  zircon.     P.  R.  C.  558. 

C.  Granite,  Elk  Peak.  Contains  quartz,  orthoclase,  oligoclase,  bio- 
tite,  hornblende,  iron  ore,  apatite,  sphene,  and  zircon.  The  last  three 
minerals  are  rare.     P.  R.  C.  551. 

D.  Quartz-porphyry,  sheet  on  ridge  between  Fourmile  and  Checker- 
board creeks.  Contains  quartz,  plagioclase,  an  untwinned  feldspar 
and  biotite,  with  occasional  grains  of  iron  ore  and  crystals  of  apatite 
and  zircon.     P.  R.  Ci  557. 

E.  Rhyolite-pitchstone,  forks  of  Checkerboard  Creek.  Essentially 
glass,  inclosing  grains  of  iron  ore.     P.  R.  C.  561. 

F.  Aplitic  granite,  dike  between  Blackhawk  and  Robinson.  Con- 
tains quartz  and  unstriated  feldspar,  some  plagioclase,  and  occasional 
biotite.     P.  R.  C.  553. 

G.  Quartz-porphyry,  Musselshell  Canyon.  Contains  quartz,  biotite, 
plagioclase,  apatite,  iron  ore,  and  zircon.     P.  R.  C.  556. 
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trace 
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trace 
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4.46 
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2.62 
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2.37 
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99.62 
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H.  Feldspar-porphyry,  dike  below  Castle.  Contains  orthoclase,  less 
plagioclase,  hornblende,  biotite  partly  altered  to  chlorite,  sometimes 
allanite,  and  occasional  iron  ore,  apatite,  and  zircon.     P.  R.  C.  555. 

I.  Rhyolitic  tuflf,  near  forks  of  Checkerboard  Creek.  Contains 
fragments  of  shale,  quartz,  plagioclase,  sanidine,  and  hornblende,  in  a 
brownish  material  carrying  pumiceous  glass.  Much  decomposed,  with 
formation  of  kaolin.     P.  R.  C.  562. 

J.  Syenitic  mass  included  in  granite,  head  of  Cottonwood  Creek. 
Contains  orthoclase,  plagioclase,  quartz,  hornblende,  biotite,  apatite, 
and  iron  ore.     A  hornblende-mica-syenite.     P.  R.  C.  554. 

K.  Diorite,  between  Blackhawk  and  Robinson.  Contains  plagio- 
clase, orthoclase,  quartz,  biotite,  diallage,  hypersthene,  iron  ore,  apa- 
tite, and  zircon.     P.  R.  C.  559. 

L.  Basalt,  Volcano  Butte.  Contains  labradorite,  augite,  olivine,  a 
little  serpentine,  occasional  quartz  grains,  small  patches  of  glass,  iron 
ore,  chiefly  ilmenite,  apatite,  a  trace  of  calcite,  and  a  mineral  which 
may  be  nephelite  or  analcite.     P.  R.  C.  565. 

M.  Augite-vogesite,  dike  on  west  side  of  upper  Fourmile  Creek. 
Contains  augite,  hornblende,  iron  ore,  a  little  plagioclase,  oilhoclase, 
calcite,  and  some  decomposition  products.     P.  R.  C.  563. 

N.  Monchiquite-like  dike  rock,  west  side  of  upper  Willow  Creek. 
Contains  augite,  olivine,  biotite,  ilmenite,  and  a  colorless  base  which 
appears  to  be  partially  zeolitized  glass.  Also  a  little  serpentine, 
chlorite,  and  calcite.     P.  R.  C.  564. 
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a  Unseparated  rare  earths  or  metallic  acids,  such  as  columbic,  tantalic,  etc. 
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6.    HIGHWOOD   MOUNTAINS. 

Rocks  collected  by  W.  H.  Weed  and  L..V.  Pirsson,  who  furnish  the 
petrographic  data.  Analyses  made  in  the  laboratory  of  the  Sheffield 
Scientific  School,  under  the  direction  of  Professor  Pirsson. 

A.  Trachy-andesitic  breccia,  head  of  north  fork  of  Willow  Creek. 
Contains  hornblende,  biotite,  iron  ore,  apatite,  plagioclase,  and  ortho- 
clase,  with  a  little  kaolin  and  limonite.  E.  B.  Hurlbut  and  B.  Barnes^ 
analysts. 

B.  Trachyte,  dike  1  mile  north  of  divide  in  Highwood  Gap.  Con- 
tains abundant  phenocrysts  of  orthoclase  and  augite  in  a  groundmass 
of  the  same  minerals;  also  a  little  biotite,  apatite,  and  iron  ore,  and 
some  secondary  kaolin.     E.  B.  Hurlbut,  analyst. 

C.  Trachyte,  dike  north  end  of  South  Mountain.  Contains  pheno- 
crysts of  alkali  feldspar,  aegirine-augite,  and  melanite,  in  a  ground- 
mass  of  alkali  feldspar.  Apatite,  iron  ore,  a  trace  of  calcite,  and  some 
kaolin  are  also  present.     H.  W.  Foote,  analyst. 

D.  Trachyte,  dike  on  Aspfen  Creek.  Contains  alkali-hornblende 
and  alkali-feldspar  phenocrysts,  in  a  groundm^s  of  alkali  feldspars; 
also  some  apatite  and  iron  ore.  Rock  stainea  by  limonite.  H.  W. 
Foote,  analyst. 

E.  Trachyte,  dike  at  head  of  Shonkin  Creek.  Contains  augite, 
biotite,  iron  ore,  and  orthoclase,  in  a  groundmass  of  alkali  feldspart 
also  apatite  and  some  kaolin.     W.  M.  Bradley,  analyst. 
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F.  Syenite,  top  of  Palisade  Butte.  Contains  augite,  iron  ore,  apa- 
tite, alkali  feldspar,  a  little,  biotite,  some  limonite  in  ci*acks,  much 
natrolite,  and  possibly  other  zeolites.     H.  W.  Foote,  analyst. 

G.  Leucite-syenite,  head  of  Davis  Creek.  Contains  augite,  iron 
ore,  olivine,  biotite,  apatite,  alkali  feldspar,  leucite,  and  some  zeolites, 
with  traces  of  limonite  and  serpentine.     E.  B.  Hurlbut,  analyst. 

*  H.  Monchiquite,  dike  east  side  of  Highwood  Gsp.  Contains  augite, 
olivine,  biotite,  iron  ore,  apatite,  and  analcite,  with  some  serpentine 
and  a  little  kaolin.     H.  W.  Foote,  analyst. 

I.  Leucite-basalt,  saddle  between  Highwood  and  Pinewood  peaks. 
Contains  augite,  iron  ore,  leucite,  apatite,  altered  olivine,  chlorite, 
calcite,  and  zeolites.     H.  W.  Foote,  analyst. 

J.  Leucite-basalt  or  leucite-monchiquite,  dike  on  Anx)w  Peak. 
Phenocrysts  of  augite,  olivine,  and  biotite,  with  some  leucite,  in  a 
groundmass  of  the  same  minerals.  Also  analcite,  iron  oi'e,  and  apatite. 
H.  W.  Foote,  analyst. 
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K.  Missourite,  head  of  Shonkin  Creek.  Described  in  Amer.  Journ. 
Sci.,  4th  series,  vol.  2,  p.  315.  Contains  apatite,  iron  ore,  olivine, 
biotite,  augite,  and  leucite,  the  two  latter  being  the  chief  minevals. 
Some  zeolites  and  analcite  are  also  present.     E.  B.  Hurlbut,  anal^'st. 

L.  Pseudo  leucite-syenite,  head  of  Shonkin  Creek.  Contains  augite, 
olivine,  biotite,  iron  ore,  apatite,  orthoclase,  nephelite,  zeolites,  and 
traces  of  serpentine,  limonite,  and  kaolin.  Contains  pseudomorphs 
after  leucite.     E.  B.  Hurlbut,  analyst. 

M.  Monzonite,  High  wood  Peak.     Contains  augite,  biotite,  iron  ore,- 
apatite,  plagioclase,  and  alkali  feldspar.     E.  B.  Hurlbut,  analyst. 

1?.  Monzonite,  Middle  Peak.  Contains  augite,  olivine,  biotite,  iron 
ore,  apatite,  plagioclase,  and  orthoclase.  The  two  latter,  with  augite, 
are  the  chief  minerals.     E.  B.  Hurlbut,  analyst. 


SiO, 

A1,0, 

Fe,0, 

FeO 

Mgo : 

CaO 

Na,0 

K,0 

H,0 

TiO, 

PA 

MnO 

SiO 

BaO 

SO, 

CI 

O 


K. 

L. 

M. 

N. 

46.06 

51.75 

51.00 

52.05 

10.01 

14.52 

17.21 

15.02 

3.17 

5.08 

2.41 

2.65 

5.61 

3.58 

4.23 

5.52 

14.74 

4.55 

6.19 

5.39 

10.55 

7.04 

9.15 

8.14 

1.31 

2.93 

2.88 

3.17 

5.14 

7.61 

4.93 

6.10 

1.44 

2.25 

,  .63 

.35 

.73 

.23 

.13 

.47 

.21 

.18 

.33 

.21 

trace 

trace 

trace 

trace 

.20 

.07 

.14 

.28 

.32 

.30 

.34 

.42 

.05 

trace 

.03 

.02 

.03 

.05 

trace 

.24 

99.57 

100.14 

99.60 

100.03 

.01 

.01 

.06 

99.56 

100.13 

99.97 

The  following  rock  and  separations,  from  Square  Butte,  at  the  east 
end  of  the  Highwood  Mountains,  are  described  by  Lindgren  in  Amer. 
Journ.  Sci.,  8d  series,  vol.  45,  p.  286.  Analyses  by  W.  H.  Melville, 
record  No.  1268. 

A.  Post-Cretaceous  sodalite-syenite.  Contains  orthoclase,  some  alb- 
ite,  hornblende,  sodalite,  analcite,  and  apatite.  Orthoclase  predom- 
inates.   The  sodalite  amounts  to  8  per  cent.    P.  B.  C.  184. 

B.  Hornblende  separated  from  A.     Near  barkevikite. 
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C.  Sodalite  from  A.     Sp.  gr.  2. 265. 

D.  Analcite  from  A.     Sp.  gr.  2.255. 

In  addition,  the  orthoclase  gave  3.88  per  cjent  Na,0  and  11.03  per 
cent  KjO.  A  separation  of  mixed  feldspars,  sp.  gr.  2.56,  gave  6.08  per 
cent  Na,0  and  8.91  per  cent  K,0. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatlOO**.... 
H,0  above  100*» 
TiO, 

PA 

NiO 

MnO 

CI 

LessO 


66.45 

20.08 

1.31 

4.39 

.63 

2.14 

5.61 

7.13 

.26 

1.51 

.29 

.13 

trace 

.09 

.43 


B. 


38.41 
17.65 

3.75 
21.75 

2.54 
10.52 

2.95 

1.95 


100.45 
.10 


100.35 


.24 


trace 
.15 


41.56 
29.48 


D. 


49.54 
25.07 


.49 

.40 

.15 

.20 

.49 

.22 

19.21 

15.32 

.91 

.89 

.45 

undet. 

3.73 

undet. 

4.79 


99.91 


101.26 
1.08 


100.18 


1.67 


93.31 
.38 


92.93 


7.    LITTLB   ROCKY  MOUNTAINS. 

Granite-syenite-porphyry.  Described  by  Weed  and  Pirsson,  Jour- 
nal of  Geology,  vol.  4,  p.  399.  Contains  orthoclase,  quartz,  oligoclase, 
iron  oxides,  and  a  little  muscovite.  Analysis  by  H.  N.  Stokes,  record 
No.  1668.     P.  R.  C.  906. 


L 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°.... 
H,0  above  110*» 
TiO, 


68.65 

18.31 

.66 

.08 

.12 

1.00 

4.86 

4.74 

.27 

.83 

.20 


P,05 

MnO 

SrO. 

BaO. 

Li,0 

80,  . 

a... 

F... 


trace 

trace 

.10 

.13 

trace 

trace 

.03 

trace 


99.88 
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8.    BEARPAW   MOUNTAINS. 

Described  by  Weed  and  Pirsson,  Ainer.  Journ.  Sci.,  4th  series,  vol. 
1,  pp.  283  and  361,  and  vol.  2,  pp.  136  and  188.  Analyses  by  H.  N. 
Stokes,  record  Nos.  1568  and  1672. 

A.  Quartz-syenite-porphyry,  Gray  Butte.  Contains  anorthoclase, 
microlites  of  plagioclase,  aegirite,  augite,  quartz,  and  apatite,  with  an 
occasional  zircon  and  very  few  biotite  leaves.     P.  R.  C,  897. 

B.  Quartz-syenite,  Beaver  Creek  stock.  Contains  orthoclase,  albite, 
quartz,  augite,  and  iron  oxides,  with  very  little  biotite,  hornblende, 
and  sphene.     P.  R.  C,  900. 

C.  Basic  syenite  or  monzonite  (yogoite),  Beaver  Creek.  Contains 
orthoclase,  plagioclase,  diopside,  biotite,  iron  oxides,  and  apatite. 
P.  R.  C,  902. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°.... 
H,0  above  110° 
TiO, 

PA 

MnO 

SrO 

BaO 

LijO 

80, 

a 

F 


A. 

B. 

c. 

66.22 

68.34 

52.81 

16.22 

15.32 

15.66 

1.98 

1.90 

3.06 

.16 

.84 

4.76 

.77 

.54 

4.99 

1.32 

.92 

7.57 

6.49 

5.45 

3.60 

5.76 

5.62 

4.84 

.08 

.15 

.16 

.24 

.30 

.93 

.22 

.21 

.71 

.10 

.13 

.75 

trace 

.07 

trace 

.06 

.04 

.09 

.29 

.08 

.24 

trace 

none 

trace 

.02 

trace 

trace 

.04 

.04 

.07 

trace 

none? 

trace 

99.97 

99.95 

100.24 
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D.  Shonkinite,  Beaver  Creek.  Contains  anorthoclase,  diopside,  bio- 
tite,  iron  oxides,  and  apatite,  with  ver}'^  little  olivine  and  probably  a 
trace  of  nephelite.     P.  K  C.  901. 

E.  Leucitite,  Bearpaw  Mountains.  An  olivine-free  leucite-basalt 
Contains  leucite,  augite,  iron  oxides,  rarely  biotite,  and  very  little 
glassy  base.     P.  R.  C.  903. 

F.  Tinguaite,  dike  on  Bear  Creek.  Contains  orthoclase,  nephelite, 
cancrinite,  augite,  segirite,  apatite,  a  little  sodalite,  and  a  doubtful 
fibroids  hornblende.     P.  K  C.  899. 

G.  Pseudo  leucite -sodalite -tinguaite,  Beaver  Creek.  Contains 
orthoclase,  nephelite,  sodalite,  nosean,  aegirite,  diopside,  and  fluorite. 
P.  R.  C.  904. 


SiO, 

Al,(), 

FeA 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOat  110°.... 
HjO  above  110° 
Ti(X 


PA- 

NiO. 

CoO.. 

MnO 

CuO. 

SrO  . 

BaO.. 

Li,0.. 

SO,  .. 

CO,. 

CL... 

F.... 


LessO. 


D. 


50.00 

9.87 

3.46 

5.01 

11.92 

8.31 

2.41 

5.02 

.17 

1.16 

.73 

.81 

.11 

.07 


trace 


.07 
.32 
trace 
.02 
.31 
.08 
.16 


100.01 
.08 

99.93 


E. 


46.51 
11.86 
7.59 
4.39 
4.73 
7.41 
2.39 
8.71 
1.10 
2.45 

.83 

.80 
none 

.04 
trace 

.22 
trace 

.16 

.50 
trace 

.05 
none 

.04 
trace 


99.78 
.02 

99.76 


F. 


57.46 

15.40 

4.87 

.87 

1.37 

2.59 

5.48 

9.44 

.09 

.82 

.60 

.21 


trace 


.16 
.60 

trace 
.13 
.13 
.20 

trace 


100.42 
.05 

100.37 


G. 


51.93 

20.29 

3.59 

1.20 

.22 

1.65 

8.49 

9.81 

.10 

.99 

.20 

.06 


trace 


.07 
.09 
trace 
.67 
.25 
.70 
.27 


100.58 
.27 

100.31 
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IDAHO. 

Rocks  collected  by  Waldemar  Lindgren,  who  furnishes  the  petro- 
raphicdata.  Those  from  Silver  City  and  Haiiey  will  be  described  in 
)th  Ann.,  Part  III. 

A.  Quartz-monzonite,  Idaho-Democrat  mine,  Haiiey.  Contains 
uartz,  orthoclase,  microcline,  oligoclase,  biotite,  apatite,  titanite, 
ad  magnetite.     Sp.  gr.  2.672,  27.5^. 

B.  Same  rock  and  locality  as  A,  but  in  altered  condition.  Contains 
uartz,  sericite,  chlorite,  calcite,  pyrite,  r utile,  etc.  Sp.  gr.  2.472, 
^o.    * 

C.  Grabbro,   related  to  diorite,   Croesus   mine,   Haiiey.     Contains, 
kbradorite,  biotite,  diallage,  hypersthene,  hornblende,  quartz,  titanite, 
lagnetite,  orthoclase,  and  chlorite.     Sp.  gr.  2.826,  28^. 

D.  Same  rock  and  locality  as  C,  but  in  altered  condition.  Contains 
uartz,  sericite,  chlorite,  calcite,  pyrite,  arsenopyrite,  rutile,  etc.  Sp. 
r.  2.898,  28°. 

Analyses  A  to  D  by  W.  F.  Hillebrand,  record  No.  1826.  The  metals 
hich  are  bracketed  with  sulphur  represent  sulphides.  Traces  of 
thia  are  present  in  all  four. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatlOS**.... 
H,0  above  105° 
TiO, 

PA 

CoO,  NiO 

MnO 

SrO 

BaO 

00, 

S 

Fe 

Oo,  Ni 

Zn 

Pb 

Ou 

As 


A. 


68.42 

15.01 

.97 

1.93 

1.21 

2.60 

3.23 

4.25 

.54 

.73 

.50 

.13 

none 

.06 

.03 

.12 

.20 

.02 


99.95 


B. 


71.93 
12.21 

.64 
2.99 

.58 
2.59 

.23 
3.29 

.37 
2.06 

.40 

.10 
none 

.18 

none 

trace 

1.95 

,18 

.13 
none 

.09 
trace 
nonei 


c. 


57.78 

16.28 

1.02 

4.92 

4.60 

6.65 

3.25 

2.22 

.34 

.92 

1.07 

.30 

.02 

.15 

.07 

.12 

.15 

.02 


D. 


58.01 
15.72 

.64 
3.87 
2.07 
2.15 

.10 
4.79 

.31 
2.71 
1.08 

.31 
none 

.17 

none 

trace? 

2.86 

1.251 

1.52 

.12 


.86 

.05 

1.65 


99.92 


\ 


W.«&   \    \^ 


v^ 


I 
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E.  Altered  rhyolite,  De  Lamar  mine.  Silver  City,  contains  quartz, 
sericite,  pyrite,  apatite,  and  rutile,  with  some  undeterminable  mag- 
nesian  mineral.     Analysis  by  H.  N.  Stokes,  record  No.  1731. 

F.  Altered  rhyolite,  De  Lamar  mine.  Contains  sericite,  quartz, 
kaolinite,  and  pyrite.     Sp.  gr.,  2.655,  23°. 

G.  Altered  rhyolite,  De  Lamar  mine.  Contains  quartz,  sericite, 
kaolinite,  and  pyrite.     Sp.  gr.,  2.576,  24°. 

H.  Diabasic  basalt,  Trade  Dollar  mine.  Silver  City.     Contains  labra- 
dorite,  augite,  chlorite,  magnetite,  secondary  quartz,  etc. 
Analyses  F,  G,  and  H  by  Hillebrand,  record  No.  1826. 


SiO, 

A1,0, 

FeiO, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oatl06°.... 
H,0  above  105*» 
TiO, 

PA 

CoO,  NIC 

MnO 

SrO 

BaO 

Li,0 

80, 

FeS, 

Ou 


} 


66.69 

15.40 

1.84 

undet 

.85 

.09 

.16 

3.50 

.83 

2.97 

2.11 

.08 


trace 
.09 


.11 
3.99 


98.71 


87.37 

7.44 
.09 
.18 
.12 
.10 
.14 

1.79 
.51 

1.39 
.09 

trace 

none 
trace? 

none 
.02 

trace 


1.00 


100.24 


G. 


78.59 

12.13 

none 

.09 

.41 

.16 

.10 

2.55 

.82 

2.47 

.12 

trace 

none 

trace? 

none 

.02 

trace 


2.61 


100.07 


H. 


48.47 

16.07 
4.12 
7.47 
5.96 
4.84 
2.43 
1.41 
2.30 
4.63 
1.51 
.44 

trace 
.23 

trace 
.03 

trace 


.24 
trace 


100.15 


Heavy  metals  not  looked  for  in  £. 


CLARK  B.] 


IGNEOUS    AND   CRYSTALLINE   ROOKS. 


139 


I.  Quartz-monzonite,  Schafer  Butte,  Boise  County.  Contains 
quartz,  orthoclase,  oligoclase,  biotite,  apatite,  titanite,  and  magnetite. 
To  be  described  in  20th  Ann.  Analysis  by  George  Steiger,  record 
No.  1802. 

J.  Granodiorite,  Silver  Wreath  mine,  Boise  County.  Contains 
orthoclase,  oligoclase,  apatite,  biotite,  titanite,  and  magnetite.  De- 
scribed in  18th  Ann.,  Part  III,  p.  642.     Sp.  gr.  2.714,  23°. 

K.  Same  as  J,  but  in  altered  condition.  Also  described  in  18th  Ann. 
Contains  sericite,  quartz,  titanite,  apatite,  and  pyrite,  with  carbonates 
of  calcium,  magnesium,  and  iron.    Sp.  gr.  2.774,  23*^. 

Analyses  J  and  K  by  (xeorge  Steiger,  record  No.  1691. 


SiO, 

A1.0, 

Fe,0, 

FeO 

MgO 

CaO... 

Na,0 

K,0 

HjOatlOO"..-. 
H,0  above  100° 
TiO, 

PA 

MnO 

BaO 

S 

00, 


Lefl8  0»8 


} 


.56 
15.29 

.86 
2.06 

.69 
2.81 
3.97 
3.36 

.86 

.55 
.16 


100.17 


J. 


65.23 

16.94 

1.60 

1.91 

1.31 

3.85 

3.57 

3.02 

.18 

.88 

.66 

.19 

trace 

.19 

none 

.25 


99.78 


66.66 
14.26 

.67 
2.41 

.95 

3.37 

none 

4.19 

.36 
2.16 

.49 

.17 
trace 
none 

.95 
3.67 


100.31 
.24 


100.07 
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COLORADO. 


1.    DENVER  BASIN. 


Bocks  described  by  Cross  in  Mon.  XXVII.  Analyses  A,  B,  D,  and 
£  by  L.  G.  Eakins,  C  by  W.  F.  Hillebrand.  All  but  A  were  made 
in  the  Denver  laboratory. 

A.  Dolerite,  dike  near  Valmont.  Contains  augite,  pla^oclase,  oli- 
vine, orthoclase,  and  biotite,  with  accessory  magnetite  and  apatite. 
Record  No.  1146.     P.  R.  C.  634. 

B.  Augite  separated  from  A.     P.  R.  C.  106. 

C.  Basalt,  Table  Mountain,  lower  capping  sheet  Contains  pla^o- 
clase,  orthoclase,  augite,  magnetite,  and  apatite,  with  olivine  much 
serpentinized.     Sp.  gr.  2.83,  22.6^. 

D.  Basalt,  earlier  flow,  south  slope  of  North  Table  Mountain.  Con- 
tains augite,  olivine,  plagioclase,  probably  orthoclase,  magnetite,  apa- 
tite, and  a  little  biotite.     P.  R.  C.  636. 

ifi.  Augite-mica-syenite,  from  north  fork  of  Turkey  Creek,  Jefferson 
County.  Contains  orthoclase,  augite,  biotite,  rhombic  pyroxene,  horn- 
blende, plagioclase,  quartz,  apatite,  and  magnetite.  Sp.  gr.  2.867, 
29.6^.     P.  R.  C.  632. 


SiO,. 

A1,0, 

Fe,0, 

FeO. 

MgO 

C^O. 

Na,0 

K,0. 

H,0. 

TiO, 

PA 

MnO 

BaO. 

a... 

SOg  - 


4S.25 

16.73 

3.99 

6.2S 

6.77 

^32 

3.24 

4.0S 

1.72 

.S9 

.68 

trace 

.01 

.08 

.12 

100.16 


49.10 
7.95 


C. 


8.30 
12.37 
22.54 
trace 
trace 


100.26 


52.59 

17.91 

3.81 

5.18 

4.11 

7.24 

2.94 

3.83 

1.24 

.84 

.14 

trace 


.05 


99.88 


D. 


49.69 

18.06 

2.64 

6.19 

5.73 

8.24 

2.99 

3.90 

.91 

.85 

.81 

.13 


.13 


100.27 


56.90 

18.50 

.17 

4.61 

5.10 

6.17 

2.99 

4.14 

.51 

.19 

.79 

trace 


trace 


100.07 
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The  following  rocks  from  the  Denver  Basin  were  analyzed  by  L.  G. 
Eakins  in  the  Denver  labomtory,  but  the  analyses  do  not  appear  in  the 
monograph.  The  subjoined  data  have  been  supplied  by  Whitman 
Cross. 

A.  Enstatite-diabase-porphyry,  Mount  Morrison.  Contains  labra- 
dorite  and  enstatite  in  a  groundmass  of  considerable  amount,  which 
is  colorless  and  cryptocrystalline,  probably  feldspatbic,  and  carries 
magnetite  and  other  indistinct  ferritic  matter.     P.  R.  C.  538. 

B.  Augite-andesite,  Table  Mountain.  Contains  plagioclase  (ande- 
sine),  with  itire  augite  and  biotite,  in  a  groundmass  of  plagioclase, 
augite,  magnetite,  and  minor  accessories.  This  rock  contained  ptilolite 
in  its  vesicular  equivalent.  Described  in  Proc.  Colorado  Sci.  Soc, 
1886,  p.  72. 

C.  Augite-andesite,  a  pebble  from  the  Denver  beds,  Table  Mountain. 
A  few  augite  and  andesite  phenocrysts  in  a  groundmass  of  oligoclase, 
orthoclase,  and  quartz  (?)  grains,  with  some  augite  and  magnetite. 


SiO,-. 
A1,0,. 
Fe,0, 
FeO.. 
MgO. 
OaO.. 
Na,0. 

H,0.. 

PA- 
MnO- 

8p.gr 


A. 


56.74 
18.80 

.15 
6.91 
5.57 
7.34 
2.32 

.77 
1.09 

.20 

.07 


99.96 
2. 876, 27*' 


B. 


59.26 

23.63 

.30 

.57 

.31 

5.93 

4.94 

4.78 

.74 


100.46 
2. 625,  Sr 


a 


59.29 

21.27 

3.33 

1.04 

1.12 

5.25 

3.39 

3.00 

1.63 

.23 

.21 


99.76 
2.596,14<».5 


2.   PIKES  PEAK  DISTRICT. 


FIRST  GBOUP.      ORANITB. 


Described  by  E.  B.  Mathews.  Analyses  by  W.  F.  Hillebrand, 
record  No.  1470. 

A.  Granitite,  Sentinel  Point,  western  part  of  Pikes  Peak  massif. 
Contains  microcline,  microcline-perthite,  quartz,  biotite,  a  little  oligo- 
clase, and  accessory  fluorite,  apatite,  zircon,  sphene,  magnetite,  and 
allanite.     P.  R.  C.  600. 

B.  .Granitite;  near  road  between  Florissant  and  the  Platte  River. 
Consists  chiefly  of  microcline  in  perthitic  intergrowth  with  albite, 
quartz,  and  biotite.     P.  R.  C.  606. 


142  ANALYSES  OF  BOOKS,  U.   8.  OBOLOGIOAL  SURVEY.  [bull.1» 

C.  Porphyritic  granitite,  south  side  of  Pikes  Peak,  ridge  between 
Middle  and  North  Beaver  creeks.  Contains  microcline,  perthite, 
orthoclase,  oligoclase,  quartz,  biotite,  and  accessory  apatite,  fluorite, 
zircon,  and  magnetite.     P.  R.  C.  602. 

D.  Sheared  granite.  Currant  Creek  Canyon,  north  of  Twelvemile 
Park.  Contains  perthitic  microcline,  quartz,  muscovite,  and  sericitic 
aggregates  replacing  plagioclase  and  a  part  of  the  microcline.  P.  R.  C. 
604. 

E.  Granite,  Currant  Creek  Canyon,  north  of  Twelvemile  Park. 
Consists  chiefly  of  perthitic  microcline,  quartz,  greenish  biotite,  mus- 
covite, and  plagioclase  altered  to  a  sericitic  mass.  Also  flakes  of 
limonite.     Accessory  minerals  rare.     P.  R.  C.  603. 

F.  Granitite,  Middle  Beaver  Creek,  south  side  of  Pikes  Peak.  Con- 
tains microcline,  orthoclase,  perthitic  albite,  oligoclase,  abundant 
quartz,  biotite,  and  a  little  accessory  magnetite,  fluorite,  and  zircon. 
P.  R.  C.  601. 

G.  Granite-gneiss,  north  of  Twin  Creek.  Contains  microcline, 
orthoclase,  quartz,  biotite,  abundant  fluorite,  and  a  little  sphene  and 
apatite.     P.  R.  C.  605. 
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8B0OND   GROUP.      ROCKS  OF  THE  CRIPPLE  CRREK   DnaTRICT. 

Described  by  Cross.  Descriptions  published,  except  when  other- 
wise stated,  in  16th  Ann.,  Part  II,  pp.  38-60.  Analyses,  with  two 
exceptions,  which  are  properly  noted,  by  W.  F.  Hillebrand,  record 
Nos.  1448,  1453,  and  1524. 

A.  Phonolite,  dike  in  granite  northeast  of  Big  Bull  Mountain.  Con- 
tains anorthoclase,  nepheline,  sodalite,  aegirine-augite,  some  aegirine, 
biotite,  magnetite,  and  limonite.  Nosite  not  distinguishable.  P.  R.  C. 
616. 

B.  Phonolite,  Mitre  Peak.  Contains  sanidine,  nepheline,  sodalite, 
segirine,  nosite,  and  colorless  particles  which  may  be  livenite.  P.  R.  C. 
608. 

C.  Phonolite,  hill  1  mile  south  of  Straub  Mountain.  Contains 
anorthoclase,  sanidine,  nepheline,  sodalite,  nosite,  analcite,  and  segirine, 
with  sometimes  segirine-augite.     P.  R.  C.  612. 

D.  Phonolite,  Rhyolite  Mountain.  Contains  nepheline,  nosite,  anal- 
cite, segirine,  and  some  sBgirine-augite,  in  a  feldspathic  groundmass. 
Sp.  gr.  2.62,  23°.     P.  R.  C.  618. 

E.  Phonolite,  between  Florissant  and  Manitou.  Analysis  by  L.  G. 
E^kins,  made  in  the  Denver  laboratory,  inserted  here  for  comparison 
with  the  Cripple  Creek  samples.  Described  by  Cross  in  Proc.  Colorado 
Sci.  Soc.,  vol.  2,  p.  167.  Contains  sanidine,  nepheline,  hornblende 
with  accessory  pyroxene  (?),  magnetite,  apatite,  and  sphene.  Sp.  gr. 
2.676,  13°.     P.  R.  C.  637. 

F.  The  portion  of  E  soluble  in  hydrochloric  acid.  This  portion 
amounted  to  26.39  per  cent,  and  is  reduced  here  to  100.  Analysis  by 
Eakins. 


A. 

B. 

C. 

D. 

E. 

F. 

SiO, 

59.00 

20.07 

1.68 

.66 

.10 

1.05 

8.34 

5.63 

.24 

2.03 

.29 

.05 

.20 

.12 

none 

trace 

trace 

.07 

.24 

.26 

58.98 

20.54 

1.65 

.48 

.11 

.67 

9.95 

5.31 

.19 

.97 

.24 

.04 

.20 

.26 

none 

none 

trace 

.20 

.28 

58.78 

20.03 

1.87 

.49 

.16 

.83 

9.36 

5.50 

.31 

1.57 

.29 

.03 

.17 

.15 

none 

none 

trace 

.12 

.58 

58.64 

19.62 

2.17 

.42 

.37 

1.24 

8.39 

5.26 

.34 

2.40 

.20 

.03 

.09 

.20 

trace 

trace 

trace 

trace? 

.14 

.23 

60.02 

20.98 

2.21 

.51 

trace 

1.18 

8.83 

5.72 

}        .70 

44.66 

31.59 

.95 

AiA 

Fe,0, 

FeO 

MgO 

OaO 

2.25 

18.42 

2.13 

Na,0 

^fW^-KJ-    ......... 

K,0 

H,OatlOO°... 
H,0  above  100° 
TiO, 

P,0» 

trace 

ZiO, 

MnO 

trace 

SrO 

BaO 

Li,0 

80, 

CI 

trace 

\ 

CO, 

I i... 

i 

\    IWi.QI^ 

99.  ft^  j 

100.07   1 

J00.24 

99.74 

^    100.15 
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G.  Trachytic  phonoiite,  dike  on  west  slope  of  Bull  Cliff.  Contains 
alkali  feldspars,  nepheline,  nosite,  sodalite,  augite,  scanty  sBgirine, 
brown  hornblende,  magnetite,  sphene,  apatite,  and  sometimes  l&venite. 
P.  R.  C.  624. 

H.  Altered  phonoiite,  Washington  shaft,  Victor.  Contains  potash 
feldspars,  with  some  alteration  to  muscovite.  Crystals  of  pyrite  and  flu- 
orite  are  visible,  but  nepheline  and  aegirine  have  disappeared.  Analy- 
sis hitherto  unpublished.     P.  R.  C.  623. 

I.  Nepheline-syenite,  near  the  Longfellow  mine.  Contains  alkali 
feldspars,  nepheline,  sodalite,  augite,  some  segirine,  hornblende,  biotite, 
sphene,  apatite,  and  magnetite.     Sp.  gr.   2.68,  23^.     Contains  0.03 

v.o,. 

J.  Nepheline-basalt,  Appie  Ellen  shaft.  Much  altered.  Rich  in  oli- 
vine, augite,  and  magnetite.  Also  contains  nepheline,  feldspars  in 
small  amount,  and  biotite.     Sp.  gr.  2.99,  23°. 

K.  Altered  nepheline-basalt,  Anna  Lee  mine.  Analysis  hitherto 
unpublished  and  not  discussed. 

L.  Local  facies  of  a  phonolitic  mass,  Bull  Cliff.  Contains  abundant 
augite,  plagioclase,  alkali  feldspar,  magnetite,  and  a  little  red-brown 
biotite,  with  a  colorless  isotropic  base  in  the  darker  spots.  Analysis 
hitherto  unpublished.     P.  R.  C.  627.     Contains  0.03  V,0,- 


G. 

H. 

I. 

J. 

K. 

!.. 

SiO, 

59.38 

19.47 

1.60 

1.19 

.36 

1.96 

7.80 

5.83 

.     .11 

.69 

.58 

.08 

.10 

56.74 

20.30 

1.06 

54.34 

19.23 

3.19 

2.11 

1.28 

4.53 

6.38 

5.14 

.14 

1.17 

1.09 

.27 

.07 

35.03 
9.80 
5.55 
4.98 
9.78 

15.09 
2.04 
2.16 
.41 
2.05 
2.20 
1.99 
none 

48.61 

20.74 

4.29 

.22 

2.11 

.25 

.16 

.77 

12.10 

7.07 

3.57 

.29 

49.84 

17.78 

5.86 

2.62 

3.02 

7.35 

5.20 

3.04 

.34 

2.02 

1.43 

.76 

.03 

A1,0» 

*  S'^S"  -------- 

Fe,0, 

*^^^o"  -------- 

FeO 

MgO 

.23 
.57 
.62 
13.36 
.33 
1.15 
.58 
.25 
.07 

CaO 

Na,0 

K,0 

HjOatllO**... 
H,OabovellO° 
TiO, 

P,Or 

■*■  i^-'o    --------- 

ZrO 

Cr-0.          -  -- 

trace 
none 
none 
none 

(?) 

v-'ijvrj-  -------- 

MnO 

.15 
.03 
.13 
trace 
.37 
.22 

none 

trace 

.19 

trace 

.08 
.16 
.24 

trace 

.07 

.28 

undet. 

none 

.06 

.17 

.14 

trace 

none 

trace 

undet. 

7.83 

.38 

.21 

.18 

.22 

trace 

none 

trace 

undet 

.52 

SrO 

BaO 

Ufi 

SO. 

U  VJ     ---------- 

CL-  - 

F        

undet. 

.63 

CO 

VV/j     -..------a 

FeS, 

4.65 
100.10 

100.05 

99.77 

99.66 

100.81 

100.42 
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THIRD  GROUP.       MISCELLANEOUS  ROCKS. 


les,  hitherto  unpublished,  except  when  otherwise  stated,  by 
llebrand,  record  Nos.  1448, 1453,  and  1669.  Petrographic  data 
by  Whitman  Cross.  Names  marked  with  a  query  are  provi- 
signations  only. 

ichyte?,  near  Robbins's  ranch.  Has  scattered  phenocrysts  of 
Idspar,  oligoclase,  and  biotite  in  a  predominant  trachytic 
ass  of  alkali  feldspar,  tridymite,  particles  of  residual  glass, 
tic  flakes  and  grains. 

kchyte?,  Wicher  Mountain.     Shows  biotite  and  a  few  glassy 
in  a  groundmass  resembling  that  of  A. 

iesite?,  Bare  Hills.  Composed  mainly  of  plagioc».lase  and 
dspar,  with  small  augites  and  much  f erritic  matter.  Minute 
f  a  yellowish  brown  amphibole  (?)  and  scales  of  tridymite  are 
»le. 

roxene-andesite  ?,  Wicher  Mountain.  Contains  phenocrysts  of 
se,  a  few  of  augite,  minute  specks  of  iddingsite,  and  flakes 
ite.  In  the  groundmass  are  plagioclase,  oi-thoclase  (?),  augite, 
e,  and  hypersthene.     In  the  pores  tridymite  appears.     Con- 

gioclase-basalt?,  mesa  east  of  Mac  Gulch.     Contains  plagio- 
^te,  olivine,  iddingsite,  magnetite,  biotite,  and  apatite, 
gioclase-basalt.  Saddle  Mountain.     Phenocrysts  of  augite  and 
1  a  groundmass  of  plagioclase,  orthoclase,  augite,  magnetite, 
md  apatite.     Very  fresh.     See  Cross,  Joum.  Geol.,  Vol.  5, 


A. 

B. 

C. 

D. 

E. 

F. 

*««»*    m    m    m    ^ 

69.52 

15.44 

1.90 

.09 

.17 

1.70 

4.54 

5.04 

.33 

.27 

.23 

.14 

.05 

.08 

.04 

.19 

66.12 

17.21 

2.43 

trace 

.35 

2.11 

4.70 

5.57 

.14 

.71 

.29 

.11 

.06 

.08 

.05 

.25 

62.64 

17.82 

3.91 

.31 

.47 

3.22 

4.47 

4.99 

.58 

.65 

.59 

.25 

.08 

.04 

.07 

.28 

57.48 

18.04 

5.73 

.73 

1.17 

5.03 

4.28 

4.15 

.62 

.55 

1.00 

.66 

.04 

trace 

.12 

.20 

.16 

52. 97 

18.31 

1.86 

•       6.73 

3.04 

6.51 

3.74 

3.35 

.44 

.31 

1.04 

.81 

.05 

.09 

.14 

.18 

48.76 

15.89 

6.04 

4.56 

5.98 

8.15 

3.43 

2.93 

.40 

1.48 

1.65 

.60 

noue 

.13 

.06 

.17 

tlOO*'... 
bovelOO® 



.17 

99.90 

100.18 

100.37 

99.96 

99.57 

i    I'^.^ri 

.11     iCiQ           in 

\ 
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G.  Analcite-basalt,  from  the  Basin.  Contains  phenocrysts  of  augite, 
olivine,  and  analcite.  Also  magnetite,  with  subordinate  amounts  of 
alkali  feldspars,  biotite,  and  apatite. 

H.  Portion  of  the  analcite-basalt  soluble  in  hydrochloric  acid. 
I.  Augite  separated  from  G. 

J.  Analcite  separated  from  G.  After  deduction  of  4.22  per  cent  of 
substance  insoluble  in  boiling  dilute  hydrochloric  acid,  and  later 
removal  of  liberated  silica  with  weak  potash  solution.  Sixty -two  one 
hundredths  per  cent  of  the  water  goes  oflf  over  sulphuric  acid.  A  trace 
of  lithia  was  found. 

The  analcite-basalt  and  its  fractions  are  described  by  Cross  in  Joum. 
Geol.,  vol.  5,  p.  684. 


Q. 


45.59 

12.98 

4.97 

4.70 

8.36 

11.09 

4.53 

1.04 

.51 

3.40 

1.32 

.91 

.03 

.14 

.12 

.13 

.05 


99.87 


H. 


} 


} 


44.44 

a  20. 11 

7.50 

5.81 
3.94 
8.17 
1.13 

7.91 


trace 
.16 

(?) 
.10 


99.27 


I. 


49.26 

6.01 

3.31 

4.23 

12.40 

21.79 

.79 

.41 

undet 

iindet 

1.53 


undet 
.06 

(?) 


99.79 


J. 


} 


} 


51.24 

24.00 

1.20 

.33 

1.62 

11.61 

1.25 

9.09 


.06 


trace 


100.40 


a  Includes  P^  and  possible  ZrOs  and  TiO|. 
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3.    SILVER  CLIFF  AND   ROSITA. 

Bocks  described  by  Cross,  mostly  in  17th  Ann.,  Part  U,  p.  263. 
Also,  partly,  in  Proc.  Colorado  Scientific  Soc.,  vol.  2,  p.  228.  Analy- 
ses by  L.  G.  Eakins.  Those  with  record  numbers  attached  were  made 
in  the  Washington  laboratory;  all  others  in  the  laboratory  at  Denver. 

A.  Peridotite,  Cottonwood  Gulch.  Contains  hornblende,  biotite, 
bypersthene,  olivine,  a  little  plagioclase,  apatite,  pyrrhotite,  and  silli- 
manite  (?).    P.  R.  C.  519. 

B.  Augite-diorite,  Mount  Fairview,  Bosita  Hills.  Contains  augite, 
biotite,  labradorite,  and  accessory  orthoclase,  olivine,  magnetite,  and 
apatite.  Sp.  gr.  2.870,  32^.  Olivine  a  subordinate  constituent. 
P.  B.  C.  526. 

C.  The  same  as  B,  but  with  orthoclase  in  much  larger  amount.  Sp. 
gr.  2.768,  34°.     Becord  No.,  1091.    P.  B.  C.  529. 

D.  Trachyte,  Gkune  Bidge.  Contains  sanidine,  plagioclase,  a  little 
biotite,  magnetite,  apatite,  and  zircon  in  a  groundmass  of  orthoclase, 
with  a  little  quartz.     Sp.  gr.,  2.692,  29^.     P.  B.  C.  624. 

E.  Trachyte,  dark-colored  dike.  Contains  more  magnetite  than  D, 
but  otherwise  the  two  are  practically  identical.     Sp.  gr.  2.621,  24°. 


A. 

B. 

c. 

D. 

E. 

SiO, 

46.03 

9.27 

2.72 

9.94 

25.04 

3.53 

1.48 

.87 

.64 

50.47 

18.73 

4.19 

4.92 

3.48 

8.82 

4.62 

3.56 

.58 

.51 

.10 

.11 

trace 

trace 

53.80 

20.13 

3.57 

2.63 

2.26 

5.60 

t>.20 

4.49 

.90 

.43 

.56 

.29 

66.03 

18.49 

2.18 

.22 

.39 

.96 

5.22 

5.86 

.85 

65.41 

18.78 

.94 

.72 

.16 

1.58 

5.91 

5.41 

1.38 

ALO. 

Fe,Os 

FeO 

MeO 

CaO 

Na,0 

K,0 

H,0 

Ti,0 

P-Oft 

.17 
.40 

.04 
trace 
trace 

trace 
trace 

MnO 

00, 

a 

100.09 

100.09 

99.86 

100.24 

100.29 
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F.  Andesite,  Fringle  Hill.  Contains  pla^oclase,  orthoclase,  quartz, 
biotite,  augite,  magnetite,  and  apatite,  with  sometimes  a  little  horn- 
blende.   Sp.  gr.  2.651, 17.8°.    Record  No.  1124.    P.  R.  C.  638. 

G.  Fringle  andesite,  dike.  Like  F,  but  often  contains  sphene.  Sp. 
gr.  2.690,  28°.     F.  R.  C.  527. 

H.  Bunker  andesite,  Lookout  Mountain.  Contains  plagioclase, 
orthoclase,  augite,  biotite,  hornblende,  quartz,  magnetite,  and  apatite. 
Sp.  gr.  2.699,  34°.     Record  No.  1091. 

I.  Altered  Bunker  andesite,  Robinson  Flateau.  Biotite  gone,  mag- 
netite altered  to  limonite,  feldspars  not  much  attacked.  Record  No. 
1124.     Sp.  gr.  2.580,  19.7°. 

J.  Much-decomposed  Bunker  andesite,  ridge  near  Knickerbocker 
Hill.  Augite,  hornblende,  and  biotite  all  replaced  by  decomposition 
products,  plagioclase  much  muscovitized.  Record  No.  1124.  P.  R.  C. 
592. 


SiO,-. 
A1,0,. 

FeO.. 
MgO. 
CaO.. 
Na,0. 
K,0.. 
H,0.. 
TiO,.. 

PA- 
MnO. 

CO,-. 


F. 


58.94 

17.19 

2.63 

1.98 

1.62 

4.45 

4.20 

3.90 

4.53 

.27 

.23 

•.10 


99.94 


G. 


63.49 

18.40 

2.44 

1.09 

.66 

2.30 

5.70 

4.62 

1.04 

trace 

trace 

.16 

trace 


99.90 


H. 


57.01 

18.41 

3.69 

2.36 

2.34 

4.29 

4.96 

3.72 

2.29 

.27 

.42 

.21 


99.96 


I. 


63.88 

19.96 

2.21 

.67 

.58 

2.03 

4.19 

3.88 

2.63 


trace 


99.93 


J. 


67.13 

18.41 

.45 

.07 

.44 

.55 

4.17 

6.28 

2.98 

.30 

trace 

trace 


99.78 
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K.  Dacite,  Bald  Mountain,  near  Rosita.  Ck)ntains  plagioclase,  bio- 
tite,  hornblende,  sometimes  augite,  magnetite,  and  quartz.  Sp.  gr. 
2.574,  24^.     Record  No.  1068.     P.  R.  C.  630. 

L.  Mica-dacite.  Clontains  plagioclase,  sanidine,  biotite,  and  quartz. 
Sp.  gr.  2.563,  24^.     Record  No.  1068. 

M.  Rhyolite,  Pennsylvania  Hill.  Sp.  gr.  2.470,  26^.  Record  No. 
1079.     P.  R.  C.  525. 

N.  Rhyolite,  Round  Mountain.  Contains  sanidine,  quartz,  some 
glass,  and  accessory  garnet.     P.  R.  C.  521. 

O.  Rhyolite,  SUver  CliflF.  Sp.  gr.  2.560,  15°.  Record  No.  1126. 
P.  R.  C.  522. 


SiO,.. 
AlA- 

FeO.. 
MgO. 
CaO.. 
Na,0. 
K,0.. 
H,0.. 
TiO,  . 

PA 
MnO 


K. 


66.46 

17.91 

2.42 

.35 

.49 

2.89 

4.79 

3.74 

1.01 


trace 


100.06 


L. 


67.49 

17.76 

2.54 

.08 

^35 

1.67 

5.03 

4.40 

.62 


M. 


trace 
trace 

99.84 


70.87 

15.18 

2.18 

.12 

.60 

1.58 

3.47 

5.04 

1.08 

trace 

trace 

trace 

100.12 


N. 


75.20 

12.96 

.37 

.27 

.12 

.29 

2.02 

8.38 

.58 


trace 
.03 

100.22 


o. 


75.39 

13.65 

.38 

.18 

.15 

.51 

1.84 

6.81 

1.13 

trace 

trace 

.14 

100.18 
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P.  Rhyolitic  tuflf,  a  lake-bed  deposit  east  of  the  Blue  Mountains. 
Mainly  composed  of  glassy  rhyolite  dust. 

Q.  Devitrified  pitchstone,  the  gangue  of  ptilolite,  3  miles  southeast 
of  Silver  Cliflf.  Shows  feldspar,  quartz,  and  barite.  Described  by 
Cross  and  Eakins  in  Amer.  Journ.  Sci.,  3d  series,  vol.  44,  p.  96.  Record 
No.  1342.     P.  R.  C.  590. 

R    Pitchstone,  Rosita.     Record  No.  1033.     P.  R.  C.  531. 

S.   Pitchstone,  Fleetwood  tunnel,  Silver  Cliflf.     P.  R  C.  523. 

T.  Alteration  product  of  S.  Consists  mainly  of  silica  and  kaolin. 
Record  No.  of  S  and  T,  1034.     P.  R.  C.  591. 


SiO,.. 

AlA- 
Fe,0, 

FeO.. 

MgO. 

CaO., 

Na,0. 

K,0.. 

H,0.. 

PA- 
MnO. 

BaO.. 

80,.. 


P. 


71.02 

14.27 

1.22 


trace 
1.38 
2.28 
3.97 
6.12 


100.26 


Q. 


65.67 

13.48 

1.61 


.    .31 

2.^41 

1.52 

2.42 

12.27 

trace 

trace 

.32 

.28 

100.19 


R. 


73.11 

13.16 

.62 

.23 

.19 

.54 

2.85 

6.10 

4.05 


.14 


99.99 


s. 


71.56 

13.10 

.66 

.28 

.14 

.74 

3.77 

4.06 

6.62 


.16 


99.99 


T. 


71.71 

12.36 

1.10 


1.21 

1.11 

.17 

.36 

11.97 


.17 


100.16 
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U.  Syenite,  Silver  Cliff.  Contains  oi*thoclase  and  plagioclase  in 
nearly  equal  amounts,  colored  by  ferric  hydroxide,  with  amphibole,  a 
little  biotite,  and  secondary  epidote,  calcite,  and  chlorite.  Sp.  gr. 
2.689,  20°.     P.  R.  C.  520. 

V.  Quartzralunite  rock.  Democrat  Hill.  Alx)ut  two-thirds  quartz 
and  one-third  alunite.     Record  No.  1126.     P.  R.  C.  596. 

W.  The  same,  Mount  Robinson.  About  one-fourth  alunite.  Record 
No.  1248.     P.  R.  C.  593. 

X.  Quartz-diaspore  rock.  Mount  Robinson.  About  18  per  cent 
diaspore,  the  rest  quartz.     Record  No.  1167.     P.  R.  C.  594. 

Rocks  V,  W,  and  X  are  also  described  in  Amer.  Journ.  Sci.,  3d 
series,  vol.  41,  p.  471.  These  three  rocks  are  decomposition  products 
of  rhyolite. 


u. 

V. 

w. 

X. 

SiO, 

69. 78. 

16.86 
3.08 
3.72 
.69 
2.96 
5.39 
5.01 
1.68 

66.94 

12.96 

.33 

.07 

.06 

.10 

1.19 

2.32 

4.47 

69.67 
13.72 

76.22 
19.46 
trace 

A1,0, 

FcOs 

FeO : 

MeO 

trace 

.07 

.34 

2.44 

4.73 

CaO 

trace 

trace 

trace 

3.82 

.11 

.13 

Na,0 

K,0 

H,0 

TiO, 

P.Or 

MnO 

.14 

trace 
trace 
12.47 

BaO 

SO, 

• 

9.27 

.29 

CO, 

.75 

99. 96 

99.89 

100.24 

100.02 
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The  following  analyses,  all  by  L.  G.  Eakins,  do  not  appear  in  the 
published  memoir  just  cited.  A  and  B  were  made  in  the  Denver  lab- 
oratory. The  petrographic  details  have  been  supplied  by  Whitman 
Cross. 

A.  Spherulite  in  rhyolite,  ridge  west  of  Mount  Tyndall.  Mainly 
composed  of  quartz  and  feldspar  needles^  with  some  f erritic  coloring 
due  to  decomposition  of  trichites. 

B.  Rhyolitic  residual  glass,  same  locality  as  A. 

C.  Interspheruiitic  mass,  Rosita.     Becord  No.  1285. 

D.  Spherulite,  Rosita.     Record  No.  1286. 

E.  F,  G.  Spherulites,  Silver  Cliff.     Record  Nos.  1285,  1286. 
These  spherulites,  C,  D,  E,  F,  and  G,  are  made  up  of  orthockse 

needles,  with  free  silica  in  fibers  or  grains,  or  rarely  as  tridymite. 

The  "soluble  silica"  is  that  which  is  dissolved  by  sodium  carbonate 
solution. 


A. 

B. 

C. 

D. 

K. 

P. 

Q. 

SiOj, 

71.27 

16.02 

1.41 

.17 

trace 

.35 

5.76 

4.08 

1.14 

trace 

trace 

85.50 

7.42 

1.23 

.34 

.82 

.37 

.74 

2.64 

1.22 

none 

.08 

74.47 
13.87 

80.61 
10.94 

83.91 
9.54 

79.21 
12.24 

78.77 
12.46 

ALOs 

Fe,Os 

13     ..»..---•- 

FeO 

MeO 

trace 
.51 
2.10 
7.46 
1.88 

.09 

.26 

2.90 

3.02 

2.20 

trace 
.19 
.62 

5.06 
.69 

.11 

.43 

2.58 

5.26 

.66 

.09 

.34 

2.12 

5.84 

.70 

CaO 

Na,0 

K,0 

H-0 

P-Ofc 

A  2^-'D     ----------- 

MnO 

• 

Soluble  SiO, 

100.20 

100.36 

100.29 
12.72 

100.02 
11.12 

100.01 
1.06 

100.49 
1.27 

100.32 
1.25 
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4.    BUFFALO  PEAKS. 

Hypersthene-andesite,  described  by  Cross  in  Bull.  1.  Contains  hy- 
persthene,  augite,  plagioclase,  magnetite,  and  apatite.  Sp.  gr.  2.742, 
16°.     Analyses  made  by  W.  F.  Hillebrand  in  the  Denver  laboratory. 

A.  Hypersthene-andesite.     P.  R.  C.  588. 

B,  C,  D.  Hypersthene  separated  from  the  rock.  Sp.  gr.  of  D, 
3.307,  23°.  In  B  and  C  alkalies  were  not  tested  for.  In  C  and  D  all 
the  iron  is  given  as  FeO. 


A. 

B. 

c. 

D. 

SiO, 

56.19 

16.12 

4.92 

4.43 

4.60 

7.00 

2.96 

2.37 

1.03 

.27 

trace 

trace 

trace 

.02 

51.70 

1.72 

.30 

18.00 

25.09 

2.87 

51.16 
2.15 

50.04 
2.91 

ALO. 

Fe,0, 

FeO 

18.36 

24.25 

3.81 

17.81 

21.74 

6.70 

.27 

MeO 

CaO 

Na,0 

K,0 

H,0 

P.O. 

MnO 

.36 

.36 

.12 

SrO 

BaO 

• 

a 

99.91 

100.04 

100.10 

99.59 
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5.    LEADVILLE   REGION. 

Bocks  described  by  Cross  in  Mod.  XII,  Appendix  A.  Analyses 
made  in  the  Denver  laboratory. 

A.  Porphyry ,  Mount  Zion.  Contains  orthoclase,plagioclase,  quartz, 
biotite,  apatite,  magnetite,  and  zircon.  Analysis  by  L.  G.  Eakins. 
P.  R.  C.  504. 

B.  White,  or  Leadville,  porphyry.  Contains  orthoclase,  plagio- 
clase,  quartz,  muscovite,  magnetite,  apatite,  and  zircon,  with  crystals 
which  appear  to  be  rutile  and  anatase.  Sp.  gr.  2.680,  16^.  Analysis 
by  W.  F.  Hillebrand.     P.  R.  C.  687. 

C.  Poiphyry,  summit  of  Mount  Lincoln.  Contains  quartz,  ortho- 
clase, plagioclase,  biotite,  apatite,  sphene,  magnetite,  zircon,  and 
allanite.  The  sample  analyzed  showed  some  muscovite,  chlorite,  and 
calcite.  Sp.  gr.  2.670,  16°.  Analysis  by  W.  F.  Hillebrand.  P.  R.  C. 
505. 


SiO,.. 
A1,0,. 
Fe,0,. 
FeO., 
MgO. 
CaC. 
Na,0. 
K,0.. 
H,0.. 
TiO,.. 

PA- 
MnO. 


SrO. 
BaO. 
LijO. 
00,. 
01... 


A. 


73.50 

14.87 

.95 

.42 

.29 

2.14 

3.46 

3.56 

.90 


none 

.03 

trace 


100.12 


B. 


70.74 

14.68 

.69 

.58 

.28 

4.12 

2.29 

2.59 

2.09 


c. 


.06 

trace 

.03 


2.14 
trace 

100.29 


66.45 

15.84 

2.59 

1.43 

1.21 

2.90 

'3.92 

2.89 

.84 

.10 

.36 

.09 

.07 


trace 

1.35 

.05 

100.09 
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D.  Gray  porphyry,  Johnson  Gulch,  near  Leadville.  Slightly  al- 
altered.  Contains  orthoclase,  plagioclase,  biotite,  and  quailz,  with 
decomposition  products  probably  derived  from  original  hornblende. 
Sp.  gr.  2.736,  16°.     Analysis  by  Hillebrand. 

E.  Pink  orthoclase  ciystals  from  D.     Analysis  by  Hillebrand. 

F.  Hornblendic  porphyrite,  lower  Buckskin  Gulch.  Contains  pla- 
gioclase, orthoclase,  quartz,  hornblende,  biotite,  magnetite,  apatite, 
and  zircon,  with  a  little  secondary  calcite  and  chlorite.  Sp.  gr.  2!768, 
16°.     Analysis  by  Hillebrand.     P.  R.  C.  506. 

G.  Biotite-porphyrite,  dike  in  gneiss  in  the  North  Mosquito  amphi- 
theater. Composition  like  F,  but  with  no  horblende,  much  biotite, 
and  some  pyrite.  Sp.  gr.  2.740,  16°.  Analysis  by  Hillebrand.  P. 
R.  C.  607. 


D. 

£. 

F. 

G. 

SiO, 

68.10 

14.97 

2.78 

1.10 

1.10 

3.04 

3.46 

2.93 

1.28 

.07 

.16 

.09 

.08 

.92 

.03 

62.22 
20.33 

66.62 
16.74 
4.94 
3.27 
4.08 
7.39 
3.50 
1.97 
.92 

64.81 

16.73 

1.68 

2.91 

2.82 

4.22 

3.98 

1.43 

.62 

.08 

.23 

.08 

trace 

1.08 

.04 

.90 

A1,0, 

Fe,0, 

FeO. 

MeO 

2.95 
3.46 
8.31 
1.90 

CaO 

Na,0 - 

K,0 

H.O 

TiO, 

P,Or 

trace 

.15 

trace 

1.15 

MnO 

SrO 

CO, 

CI ^ 

FeS, 

.a.  X^P^a.a  ...••••••«•••••.••••••• 

100.11 

99.16 

100.73 

100. 61 
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H.  Rhyolite  (nevadite),  from  Chalk  Mountain.  Mainly  quartz  and 
feldspar,  the  latter  being  sanidine  and  plagioclase.  A  little  biotite, 
magnetite,  apatite,  and  zircon  are  present  Analysis  by  Hillebrand. 
P.  R.  C.  64. 

I.  Sanidine  from  H.     Analysis  by  Hillebrand.     P.  R.  C.  64. 


SiO,.. 
A1,0,. 
Fe,0, 
FeO.- 
MgO. 
CaC. 
Na,0. 
K,0-. 
H,0.. 

PA- 
MnO. 

Li,0. 


H. 

I. 

74.46 
14. 72 
none 

65.04 
20.40 

.56 

.37 

.83 

3.97 

4.53 

.66 

.01 

.28 

trace 

100.38 


.79 
4.11 
9.74 

.29 


100.37 


\ 
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6.    TENMILE   DISTRICT. 

Rocks  described  by  Cross  in  14:th  Ann.,  page  165.  Analyses  made 
in  the  Denver  laboratory,  A  and  C  by  W.  F.  Hillebrand,  B  by  L.  G. 
Eukins. 

A.  Quartz-hornblende-mica-porphyrite,  Gold  Hill.  Contains  pla- 
<^iocla.se,  hornblende,  biotite,  and  quartz,  in  a  groundmass  of  quartz, 
orthoclase,  and  a  little  plagioclase.     P.  R.  C.  610. 

B.  Quartz-porphyrite,  Sugar  Loaf.  Contains  plagioclase,  biotite, 
and  quartz,  in  a  groundmass  of  quartz  and  orthoclase.     P.  R.  C.  509. 

C.  Quartz-porphyrite,  Chicago  Mountain.  Contains  plagioclase, 
orthoclase,  biotite,  and  quartz.     P.  R.  C.  508. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO^  ... 
H,0  above  110° 
TiO, 

PA 

MnO 

SrO 

BaO 

Li,0 

CO, 


} 


63.66 
17.05 
1.97 
2.62 
1.99 
3.89 
4.13 
3.09 

1.19 

undet. 
.27 
.14 
.08 


none 


100.06 


B. 


} 


67.29 
16.78 
1.86 
1.97 
.72 
2.36 
3.77 
3.65 

2.10 

none 
.28 
.21 

none 


trace 
.27 

100.16 


} 


c. 

68.30 
16.24 
1.60 
1.63 
1.05 
2.79 
3.90 
3.52 

.71 

undet 

.13 

.12 

.04 

trace 

trace 


100.03 
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The  following  rocks  were  also  mnalyzed  in  the  Denver  laboratoiy, 
but  the  analyses  are  h  itherto  unpablished.  Petrographic  data  furnished 
by  Whitman  Cross. 

A.  Granite-prophyry,  McNulty  Gulch.  Contains  phenocrysts  of 
orthoclase,  oiigoclase,  andesine,  quartz,  biotite«  and  altered  hornblende, 
in  a  groundmass  of  quartz,  orthocla^e,  and  magnetite.  Aooeasory 
^q)hene.  ailanite,  apatite,  and  zircon,  and  a  little  secondary  chlorite  are 
also  present.     Analysis  by  W.  F.  Hillebrand.     P.  R.  C.  586. 

B.  Granite-porphyry,  Jefferson  tunneL  Contains  orthoclase,  oligo- 
clase,  quartz,  and  biotite,  in  a  groundmass  of  mainly  quartz  and  ortho- 
clase;  also  accessory  magnetite,  apatite,  zircon,  and  allanite.  Chlo- 
rite appears  as  a  decomposition  product  of  biotite,  and  calcite  and 
magnetite  are  present  in  small  amounts.     Analysis  by  Hillebrand. 

C.  Same  as  B.     Analysis  by  L.  G.  Eakins.     P.  R.  C.  583. 

D.  Diorite-porphyry,  Copper  Mountain.  Contains  oligoclase,  horn- 
blende, and  biotite,  in  a  groundmass  of  quartz,  orthoclase,  plagioclase, 
and  magnetite;  also  accessory  zircon,  sphene,  and  apatite,  and  a  litde 
secondary  chlorite  and  epidote.     Analysis  by  Eakins.    P.  R.  C.  585. 

E.  Diorite-porphyry ,  McNulty  type.  Contains  oligoclase,  andesine, 
hornblende,  biotite,  and  magnetite,  in  a  groundmass  of  orthoclase,  pla- 
gioclase,  quartz,  magnetite,  apatite,  allanite,  and  sphene;  also  second- 
ary chlorite,  epidote,  and  calcite.     Analysis  by  Eakins.     P.  R.  C.  584. 


A. 

B. 

c. 

D. 

B. 

8iO, 

68.60 

16.21 

1.67 

1.57 

1.05 

2.61 

3.29 

3.88 

.92 

.21 

.09 

trace 

65.94 

16.00 

.60 

1.74 

1.02 

2.87 

3.85 

4.56 

1.13 

.23 

.14 

trace 

65.51 

17.01 

none 

2.79 

.90 

3.16 

3.82 

4.67 

1.78 

.13 

67.01 
18.03 

.66 

.72 

.84 
3.99 
4.42 
3.53 

.91 

.10 

.09 

• 

63.02 

17.61 

1.78 

2.76 

1.63 

3.30 

4.72 

3.23 

2.03 

.16 

trace 

ALOa 

Fe,0, 

FeO 

MffO 

CaO 

Na,0 

*      %<wj^.r    ......... 

K,0 

H,0 

P.Os 

MnO 

SrO 

BaO 

.10 

.08 

CO, 

.19 
.03 

1.55 
.03 

CI 

trace 
.38 

8 

FeS, 

.60 

^^p.  prr 

100.32 
2. 640, 27° 

100.26 
2. 672, 21° 

100.15 
2. 666, 26° 

100.40 

100.32 
2. 689, 16°5 

^^^nr   o 
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7.    ELK  MOUNTAINS. 

Analyses  made  by  L.  G.  Ekikins  in  the  Denver  laboratory,  and  hith- 
erto unpublished.     Petrographic  data  supplied  by  Whitman  Cross. 

A.  Rhyolite,  East  Mountain,  Crested  Butte  district.  Phenocrysts 
of  orthociase,  oligoclase,  quartz,  and  biotite,  in  a  microspherulitic  and 
crj'ptocrystalline  groundmass.     P.  R.  C.  514. 

B.  Rhyolite,  Round  Mountain,  Crested  Butte  district.  Small  phe- 
nocrysts of  quartz,  sanidine,  biotite,  and  oligoclase,  in  a  groundmass 
of  quartz  and  orthociase.     P.  R.  C.  513. 

C.  Diorite,  Brush  Creek,  Gunnison  County.  Contains  several  varie- 
ties of  plagioclase,  with  orthociase,  quartz,  hornblende,  biotite,  augite, 
sphene,  apatite,  and  magnetite.     P.  R.  C.  93. 


SiO,.. 
AM),. 

FeO.. 

MgO. 

CaO.. 

Na,0 

K,0.. 

H,0.. 

PA 

MnO. 


Sp.  gr 


A. 


74.84 

14.05 

.17 

.31 

trace 

1.57 

3.66 

3.14 

2.33 


100.07 
2. 38, 17° 


B. 


71.56 

14.91 

1.47 

1.04 

.08 

1.98 

3.78 

4.94 

.44 

trace 


100.20 
2. 69, 18'' 


C. 


62.71 

17.06 

3.79 

2.74 

1.78 

5.51 

3.54 

2.96 

.24 

none 

trace 


100.33 
2. 791, 30'' 
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8.    WEST  ELK   MOUNTAINS. 

Bocks  described  by  Cross  in  14th  Ann.,  p.  166. 

A.  Hornblende-mica-porphyrite,  Cliflf  Creek.  Contains  plagioclase, 
hornblende,  and  biotite,  in  a  groundmass  of  quartz,  feldspar,  and  mica. 
Analysis  by  W.  F.  Hillebrand,  record  No.  1429. 

B.  Porphyrite,  Storm  Ridge.  Contains  plagioclase,  biotite,  hyper- 
sthene,  hornblende,  and  augite,  in  a  groundmasti  of  quartz  and  ortho- 
clase.     Analysis  by  L.  G.  Eakins,  record  No.  1238.     P.  R.  C.  517. 

C.  Porphyrite -diorite.  Mount  Marcellina.  Contains  plagioclase, 
hornblende,  and  a  little  biotite,  in  a  groundmass  of  quartz  and  ortho- 
clase.     Analysis  by  T.  M.  Chatard,  record  No.  1238.     P.  R.  C.  516. 

D.  Quartz-porphyrite,  Mount  Carbon.  Contains  plagioclase,  ortho- 
clase,  biotite,  hornblende,  augite,  and  quartz.  Analysis  by  Chatard, 
record  No.  1238.     P.  R.  C.  518. 

E.  Quartz-porphyrite,  Crested  Butte.  Contains  plagioclase,  ortho- 
clase,  hornblende,  biotite,  quartz,  and  a  little  augite.  Analysis  made 
by  Eakins  in  the  Denver  laboratory.     P.  R.  C.  616. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatlOO°..-. 
H,0  above  100° 
TiO, 

PA 

MnO 

SrO 

BaO 

Li,0 


A. 


63.05 

15.58 

2.92 

2.11 

1.70 

4.15 

3.77 

3.66 

.55 

1.38 

.60 

.27 

.12 

.07 

.13 

t?;pce 


100.06 


B. 


} 


61.42 
17.69 
4.24 
1.74 
1.81 
5.29 
3.14 
3.19 

.97 

.37 
.14 
.19 


C. 


.09 


100.28 


D. 


.11 


99.85 


62.85 

65.36 

16.21 

15.48 

3.08 

3.09 

1.46 

1.21 

1.47 

1.53 

4.72 

4.14 

3.49 

3.58 

3.10 

3.41 

.29 

.82 

2.03 

.70 

.41 

.52 

.48 

.25 

.15 

.19 

E. 


.08 


100.36 


} 


65.71 
18.30 
1.19 
1.63 
.98 
2.17 
5.00 
3.95 

1.39 

undet. 


.02 


100.24 
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9.    SAN  JUAN   REGION. 

Bocks  collected  by  Whitman  Cross,  who  supplies  the  petrographic 
data.     Hitherto  unpublished. 

A.  Bhyolitic  vitrophyre,  near  Del  Norte,  Rio  Grande  County. 
Reported  by  Cross  as  containing  phenocrysts  of  oligoclase,  quartz, 
biotite,  and  augite  in  a  dark,  fresh,  glassy  groundmass,  the  latter  being 
predominant.  Analysis  made  by  E^kins  in  the  Denver  laboratory. 
Sp.  gr.  2.423,  14^.     P.  R.  C.  698. 

B.  Rhyolite,  Summit  district,  Rio  Grande  County.     Large  pheno- 
crysts of  sanidine,  with  smaller  ones  of  oligoclase  and  biotite,  in  a 
groundmass  of  orthoclase,  quartz,  oligoclase,  biotite,  and  magnetite. 
Analysis  by  E^kins,  made  in  the  Denver  laboratory.     Sp.  gr.  2.489 
14^.     P.  R.  C.  164. 

C.  Augite-diorite,  Sultan  Mountain,  San  Juan  County.  Contains 
plagioclase,*  orthoclase,  quartz,  augite,  biotite,  magnetite,  and  apatite. 
Some  chlorite  and  epidote  as  alteration  products.  Analysis  by  L.  G. 
Ekikins  in  the  Denver  laboratory.     Sp.  gr.  2.751,  14^. 

D.  Augite-diorite,  Stony  Mountain,  Ouray  County.  Analysis  by 
Eakins  in  the  Denver  laboratory.     Sp.  gr.  2.891, 13. 6^.     P.  R.  C.  199. 


SiO,.. 
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MgO. 

CaO.. 
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K,0.. 
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MnO, 


A. 


68.61 

16.43 

.73 

1.52 

.05 

1.79 

2.82 

4.65 

3.35 


99.95 


B. 


68.85 

17.01 

1.78 

.65 

trace 

1.62 

3.44 

5.11 

1.79 


trace 


100.25 


63.91 

17.07 

4.39 

1.51 

.81 

4.47 

3.48 

3.74 

.33 

.21 


99.92 


D. 


52.05 

17.96 

4.09 

6.33 

5.03 

8.64 

2.99 

1.61 

.97 

.31 

.43 


100.41 


E.  Diorite,  La  Plata  Mountains.  Contains  augite,  hornblende, 
plagioclase,  and  orthoclase  in  large  amount, with  biotite,  quartz,  sphene, 
apatite,  and  magnetite  as  subordinate  constituents.  Also  secondary 
chlorile,  muscovite,  and  calcite.  Analysis  by  W.  F.  Hillebrand, 
record  No.  1640.     Sp.  gr.  2.79,  21^^. 

F.  Diorite-porphyry,  La  Plata  Mountains.  Contains  phenocrysts 
of  hornblende,  plagioclase,  occasional  quartz,  sphene,  apatite,  and  mag- 
netite, in  a  groundmass  of  orthoclase,  plagioclase,  and  quartz.  Also 
aecondary  epidote,  chlorite,  and  calcite.  Analysis  by  Hillebrand, 
record  No.  1686.    Sp.  gr.  2.677,  24°.    A  trace  of  BuIpYmx  \a  ^T^eftxvV 
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G.  Syenite,  between  Tirbircio  and  Schurman  gulches,  La  Plata 
Mountains.  Contains  much  alkali  feldspar,  some  oligoclase,  ai^te, 
biotite,  and  hornblende,  with  a  little  titanite,  magnetite,  and  apatite, 
Analysis  by  H.  N.  Stokes,  record  No.  1764.    Sp.  gr.  2.704,  25°. 

H.  M onzonite,  Babcock  Peak,  La  Plata  Mountains.  Contains  ortho- 
clase  and  plagioclase  in  about  equal  amounts,  with  augite  and  horn- 
blende, and  a  little  quartz,  titanite,  magnetite,  and  apatite.  Analysts 
by  Stokes,  record  No.  1764.     Sp.  gr.  2.767, 26°. 

I.  Porphyritic  lamprophyre,  allied  to  camptonite,  Snowstorm  Peak, 
La  Plata  Mountains.  Contains  numerous  phenocrysts  of  green  horn- 
blende, augite,  and  plagioclase,  in  a  groundmass  of  plagioclase,  ortho- 
clase,  augite,  magnetite,  and  apatite.  Some  secondary  calcite.  Anal- 
ysis by  Hillebrand,  record  No.  1640.     Sp.  gr.  2.906,  21°. 
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trace 

.16 

.11 

.13 

trace 
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trace 
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trace 
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1.71 
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.08 

.28 

.86 

.36 
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trace 
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47.25 

15.14 
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4.95 

6.87 
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2.39 

2.60 

.40 

2.12 

1.22 

.25 

.05 
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.17 

.05 

.08 


l..\, 


none 


100.46 


J.  Porphyritic  lamprophyre,   allied  to  camptonite,   Indian  Trail 
Ridge,  La  Plata  quadrangle.      Contains  phenocrysts  of  green  horn- 
blende and  colorless  dioxide  in  a  subordinate  groundmass  of  plagioclase, 
orthoclase  (?),  augite,  magnetite,  and  apatite.     Much  secondary  cal- 
Miie  and  some  serpentine.     Analysis  by  W.  F.  Hillebrand,  record  No. 
Sp.  gr.  2. 912 J  19.6^. 
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K.  Laraprophyre,  allied  to  camptonite^  Black  Face,  Telluride 
quadrangle.  Consists  of  a  tine  felt  of  plagioclase,  augite,  and  brown 
lornblende  raicrolites,  with  flakes  of  biotite,  and  a  cryptocrystalline 
>art,  which  is  probably  in  large  degree  orthoclase.  Some  magnetite  and 
ipatite.     Analysis  by  Hillebrand,  record  No.  1719.     Sp.  gr.  2.783,  22°. 

L.  Quartz  monzonite,  northeast  of  San  Miguel  Peak,  Telluride  quad- 
rangle. Contains  orthoclase  and  plagioclase  in  about  equal  amounts, 
with  abundant  quartz  and  much  less  augite,  hornblende,  biotite,  mag- 
netite, and  apatite.  Analysis  by  H.  N.  Stokes,  record  No.  1764. 
3p.  gr.  2.720,  34°. 

M.  Gabbroitic  facies  of  a  diorite-monzonite  stock,  Ophir  Needles, 
Telluride  quadrangle.  Contains  abundant  labradorite,  with  augite, 
bypersthene,  biotite,  orthoclase,  magnetite,  apatite,  and  a  very  Little 
quartz.     Analysis  by  Stokes,  record  No.  1764.     Sp.  gr.  2.860,  33°. 

N.  Grabbro-porphyry,  pass  south  of  Mount  Sneffels,  Telluride  quad- 
rangle. Contains  nmnerous  phenocrysts  of  labradorite  or  bytownite, 
in  a  groundmass  of  plagioclase,  orthoclase  (?),  augite,  hypersthene, 
biotite,  magnetite,  and  apatite.  Analysis  by  Stokes,  record  No.  1764. 
Sp.  gr.  2.949,  26.6°. 
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10.    MISCELLANEOUS  BOCKS. 

A.  Rhyolite,  east  bank  of  Arkansas  River,  Natbrop.  Described  by 
Cross  in  Proc.  Colorado  Sci.  Soc.,  vol.  2,  p.  69.  Contains  quartz  and 
sanidine  in  a  groundmass  mainly  of  quartz  and  alkali  feldspar.  Tins 
rock  carries  topaz  and  spessartite  in  its  lithophysae.  Anal3r8is  made 
by  L.  G.  Elakins  in  the  Denver  laboratory.     Sp.  gr.  2.603,  29®. 

B.  Granite,  Platte  Canyon.  Described  by  E.  B.  Mathews  in  BulL 
150,  p.  172.  Contains  microcline,  quartz,  biotite,  oligoclase,  and  flaor- 
ite.  Apatite,  zircon,  magnetite,  hematite,  limonite,  epidote,  and 
rutile  (?)  are  sometimes  present.  Analysis  by  H.  N.  Stokes,  record 
No.  1314. 

C.  Homblende-porphyrite,  Hermano  Peak,  Sierra  El  Late.  De- 
scribed by  Cross  in  14th  Ann.,  p.  165.  Contains  plagioclase,  horn- 
blende, rare  quartz,  and  a  little  biotite.  Analysis  by  W.  F.  EUllebrand, 
record  No.  1429. 

D.  Homblende-porphyrite,  Ute  Peak,  Sierra  El  Late.  Described 
by  Cross  in  14th  Ann.,  p.  165.  Contains  plagioclase,  hornblende,  and 
very  little  augite,  in  a  groundmass  of  quartz,  orthoclase,  and  plagio- 
clase.   Analysis  by  Hillebrand,  No.  1429. 

E.  Porphyritic  augite-diorite,  Lone  Cone,  San  Miguel  Mountains. 
Described  by  Cross  in  14th  Ann.,  p.  165.  Contains  plagioclase,  augite, 
hornblende,  and  biotite,  in  a  groundmass  of  quartz,  orthoclase,  and 
plagioclase.  Inclusions  of  magnetite  and  apatite  in  the  augite.  Analy- 
sis by  Hillebrand,  No.  1429. 
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F.  Tinguaite?,  Two  Buttes.  Collected  by  G.  K.  Gilbert;  petro- 
graphic  data  supplied  by  Whitman  Cross.  Consists  chiefly  of  pale- 
green  augite,  hornblende,  apatite,  magnetite,  and  occasional  crystals 
of  alkali  feldspar,  in  an  obscure,  largely  isotropic  groundmass.  Sp.  gr. , 
2.79,  26°. 

G.  Pyroxene  from  F.     Sp.  gr.,  3.43,  28^. 
H.  Portion  of  F  soluble  in  ^  nitric  acid. 

I.  Syenitic  lamprophyre?,  Two  Buttes.  Collected  by  Gilbert; 
description  by  Cross.  Chief  constituents,  diopside,  alkali  feldspar, 
considerable  biotite,  magnetite,  and  olivine.  The  ferromagnesian 
minerals  predominate.     Sp.  gr.,  2.88,  29^.     Also  contains  0.03  VgO,. 

J.  Pyroxene  from  I.     Sp.  gr.,  3.46,  26^. 

K.  Portion  of  1  soluble  in  ^  nitric  acid. 

Analyses  F  to  K  by  W.  F.  Hillebrand,  record  No.  1604. 
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UTAH. 
I.    BOOKS  FROM  THE  TINTIO  DISTRICT. 

Described  by  Tower  and  Smith  in  19th  Ann.,  Part  III,  pp.  609  et  seq. 
Analyses  by  Stokes,  record  No.  1746. 

A.  Gray,  porphyritic  rhyolite,  south  of  Pinyon  Creek.  Contains 
phenocrysts  of  sanidine,  quartz,  biotite,  plagioclase,  and  hornblende; 
the  last  mineral  sparingly.  Also  tridymite,  magnetite,  apatite,  zircon, 
and  a  small  amount  of  glassy  residue. 

B.  Quartz-porphyry,  Swansea  mine.  Phenocrysts  of  feldspar  and 
quartz,  the  orthoplase  somewhat  altered.  Microscopic  biotite  occurs 
sparingly.  Also  contains  magnetite,  apatite,  zircon,  a  little  chlorite, 
and  secondary  pyrite. 

C.  Andesite,  Tintic  Mountain.  Phenocrysts  of  biotite  and  feldspar. 
Contains  plagioclase,  chiefly  labradorite,  augite,  biotite,  hypersthene, 
magnetite,  and  apatite,  in  a  dark-gray  glass. 

D.  Granular  monzonite.  Iron  Duke  mine.  Contains  orthoclase, 
plagioclase,  quartz,  hornblende,  biotite,  magnetite,  apatite,  zircon,  and 
titanite,  with  a  little  chlorite  and  epidote. 

E.  Altered  monzonite,  near  Tintic  mine.  Feldspar  and  ferromag- 
nesian  minerals  completely  altered.  Rutile  is  present;  quartz  seems 
to  have  been  added. 
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Fluorine  was  not  looked  for  in  the  analyse?. 
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2.  ROCKS  FROM  THE  HENRY  MOUNTAINS. 

A.  PoiTphyry.  Not  hitherto  published.  Reported  by  J.  S.  Diller 
as  containing  prominent  plagioclase  with  some  augite  and  hornblende 
in  a  crystalline  groundmass  of  quartz  and  orthoclase.  Analysis  by 
R.  B.  Riggs,  record  No.  728. 

B.  Augite-porphyrite,  dike,  north  spur  of  Mount  Pennell.  Contains 
hornblende,  augite,  and  plagioclase  in  a  f  eldspathic  groundmass. 

C.  Horn blende-porphy rite,  Mount  Hillers.  Contains  plagioclase, 
hornblende,  quartz,  and  magnetite. 

Analyses  B  and  C  by  W.  F.  Hillebrand,  record  No.  1428.  Rocks 
described  by  Cross  in  14th  Ann.,  p.  166. 
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3.  MISCELLANEOUS  BOOKS. 

A.  Rhyolite,  Thomas  Range.  Analysis  made  by  L.  G.  Eakins  in  the 
Denver  laboratory.  Described  by  Cross  in  Proc.  Colo.  Sci.  Soc.,  vol. 
2,  p.  69.  Contains  phenocrysts  of  quartz  and  sanidine  in  a  ground- 
mass  mainly  made  up  of  quartz  and  alkali  feldspar. 

B.  Rhyolitic  glass  or  pitchstone,  edge  of  Gold  Mountain  mining  dis- 
trict, 8  mUes  north  of  west  from  Marysvale.  Identified  by  Whitman 
Cross,  but  not  published.  Sp.  gr.  2.25  at  23.5^.  Analysis  by  W.  F. 
Hillebrand,  record  No.  1833. 
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trace 
trace 

99.99 


70.17 
11.83 

.93 
none 

.06 

.76 
3.85 
3.74 
8.72 

.17 


100.23 
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NEW   MEXICO. 
1.    BASALTS  FBOM  BIO  OBANDE  OANYON. 

Described  by  Iddings,  Bull.  66;  also  in  Amer.  Journ.  Sci.,  3d  series, 
ol.  36,  p.  220.  Contain  plagioclase,  augite,  olivine,  and  magnetite. 
L,  B,  and  C  contain  quartz  also;  D  is  quartzless.  Analyses  by  L.  G. 
lakins,  record  Nos.  847,  850. 

A.  Light  gray,  dense.    P.  E.  C.  548. 

B.  Greenish  black,  dense. 

C.  Dark  red,  vesicular.     P.  R.  C.  549. 

D.  Gray  dense.     P.  R.  C.  547. 


8iO,-. 
A1,0,. 
Fe,0, 
FeO., 
MgO. 
CW)-. 
Na,0, 
K,0.. 

TiO,.. 

PA. 
MnO. 

BaO. 

00,., 

01. - 


A. 


62.27 
17.68 
2.61 
6.00 
6.05 
8.39 
4.19 
1.58 
.82 
1.49 


B. 


.23 

.06 

trace 

trace 

■ 

100.27 


62.37 
17.01 
1.44 
6.89 
6.86 
7.59 
3.51 
1.59 
1.29 
1.60 


.32 

.06 

.37 

trace 

99. 90 


61.57 
17.72 
6.24 
1.78 
4.91 
8.82 
3.59 
1.99 
.64 
1.43 


.45 
.16 
.58 

99.88 


D. 


52.38 

18.79 

2.88 

4.90 

4.91 

7.70 

3.99 

1.76 

.53 

1.22 

.56 

.18 

.11 


99.91- 
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2.    MOUNT  TAYLOB  BEGION. 

Rocks  received  from  J.  S.  Diller.  Analyses  by  T.  M.  Chatard,  rec- 
ord Nos.  219,  227,  228,  236,  271,  268,  and  269.  Not  hitherto  pub- 
lished.    Petrographic  details  furnished  by  Diller. 

A.  Lava,  canyon  on  east  side  of  San  Mateo  Mountain. 

B.  Phonolitic  andesite,  canyon  on  east  side  of  San  Mateo  Mountain. 
Contains  feldspar  and  corroded  augite,  with  sometimes  olivine,  in  a 
groundmass  of  feldspar  and  a  green  f erromagnesian  silicate. 

C.  Mica-andesite,  canyon  on  east  side  of  San  Mateo  Mountain. 
Shows  prominent  plagioclase,  with  augite  and  biotite. 

D.  Mica-andesite,  6  miles  northeast  of  Grant's.  PrincipaUy  plagio- 
clase and  biotite,  with  less  epidote,  quartz,  sphene,  and  carbonates. 

£.  Basalt,  6  miles  northeast  of  Grant's.  Contains  chiefly  plagioclase, 
augite,  and  oUvine,  with  much  magnetite. 

F.  Augite  from  E. 

G.  Feldspar  from  E.    Analysis  on  three-fourths  granmie  of  material. 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

SiO, 

A1.0. 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0 

TiO, 

68.40 

17.99 

2.66 

1.63 

.49 

.67 

4.54 

3.54 

.52 

65.61 

16.89 

1.41 

2.62 

.39 

1.19 

6.42 

5.02 

.16 

.92 

.07 

65.78 

17.32 

3.68 

.46 

.47 

1.66 

5.23 

4.64 

.14 

.27 

.13 

49.80 
15.33 

7.44 
6.61 
7.19 
2.71 
4.36 
1.38 
2.67 
.73 

47.54 

16.73 

6.69 

6.67 

6.38 

8.74 

2.81 

1.10 

.36 

2.76 

.51 

47.06 

7.77 

1.30 

8.15 

13.52 

19.33 

.33 

.11 

.20 

1.82 

.06 

trace 

.20 

traces 

52.54 
31.26 

.28 

12.34 

3.55 

.42 

.26 

undet. 

P.Oa 

S^^O    ------- 

o.o. 

^^    a      a*  ------ 

MnO. .:.... 
(CoNi)O  ... 

.21 

.31 

.32 

.30 

.19 

.......'.. 

BaO 

.03 

trace? 

CO, 

2.56 

1  "-•••--- 

100.65 

100.81 

100.10 

101.08 

100.51 

99.85 

100.65 
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8.   COLFAX  COUNTY. 

hitherto  unpublished,  supplied  by  Whitman  Cross. 
Analyses  by  W.  P.  SHdbnuid,  record  No.  1719. 

A.  Phonolite,  Pleasant  Ydof;  Contains  much  nephelite,  some 
ffigirite,  alkali  feldspar,  a  scanty  dust«f  magnetite,  and  a  few  decom- 
posed grains  of  noselite  or  sodelite.  Sp.  gr,  2.619,  22^;  40.8  per 
cent  soluble  in  dilute  (1:40)  nitric  acid,  of  which  sokible  poilion  43.6 
per  cent  is  silica. 

B.  Pyroxene-andesite,  Sierra  Grande.  Contains  augite,  leite  hyper- 
sthene,  microliths  of  plagioclase,  apatite,  magnetite,  and  asmoky-bwwn 
glassy  base.     Sp.  gr.  2.635,  21^. 

C.  Plagioclase-basalt,  end  of  San  Rafael  flow.  Contains  plagio- 
clase, augite,  olivine,  with  much  iddingsite,  magnetite,  and  apatite. 
Sp.  gr.  2.970,  21.50. 

D.  Nepheline-basanite,  Ciruella.  Contains  augite,  olivine,  nephe- 
lite, plagioclase,  magnetite,  apatite,  and  a  little  biotite.  Sp.  gr.  3.122, 
22°.  0.55  per  cent  K,0  and  2.10  per  cent  Na,0  soluble  in  1: 40  nitric 
acid. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0  at  110*» . . . . 

H,0  above  110*» 

TiO, 

PA 

ZrOa 

CrA 

VA 

NiO,Ck)0 

MnO 

81O 

BaO 

LijO 

80, 

8 


a. 

F. 


A. 


56.24 

21.43 

2.01 

.55 

.15 

1.38 

10.53 

6.74 

.12 

.86 

.26 

.06 

.09 

none 


none 
.08 
.03 
.08 

trace 
.10 
.03 
.12 

trace 

90.86 


B. 


60.16 

15.34 

3.07 

2.18 

3.41 

5.79 

3.88 

2.59 

.25 

1.79 

.84 

.46 

.01 

trace? 


trace 

.08 

.08 

.14 

trace 

.08 

trace 

undet. 

undet 

100.15 


c. 


48.35 

15.47 

4.80 

7.58 

8.15 

8.81 

3.09 

.96 

.28 

.73 

1.33 

.33 

none 

trace 


\ 


.02 

.21 

.03 

.06 

trace 

.07 

trace 

undet. 

undet. 

100.26 


D. 


42.35 

12.29 

3.89 

7.05 

13.09 

12.49 

2.74 

1.04 

.32 

1.50 

1.82 

.  99 

none 

.10 

.04 

.03 

.21 

.09 

.10 

trace 

.05 

trace 

undet 

undet. 
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4.    MISOELLANEOUS  BOCKS. 

A.  Obsidian,  Obsidian  Hill  camp,  Tewan  Mountains.  Described  by 
Iddings,  7th  Ann.,  p.  292.  A  rhyolitic  obsidian,  containing  grains  of 
iron  oxide  and  a  few  microscopic  feldspars.  Resembles  that  from 
Obsidian  Cliff  in  the  Yellowstone  National  Park.  Analysis  by  L.  G. 
Eakins,  record  No.  851.     Sp.  gr.,  2,352,  23^.5. 

B.  Trachyte  (?),  from  Los  Cerillos.  Described  by  Diller,  Bull.  42, 
p.  39.  Analysis  by  F.  W.  Clarke,  record  No.  346.  Bock  composed 
chiefly  of  orthoclase,  with  a  considerable  amount  of  biotite,  epidote, 
pyrite,  and  limonite,  and  some  amorphous  substance.  It  is  the  matrix 
or  gangue  rock  of  the  Los  Cerillos  turquois. 


SiO,.. 
A1,0,. 
FejOs. 
FeO.. 
MgO. 
CaO., 
Na,0. 
K,0.. 
H,0.. 
TiO,., 

PA- 
FeS,.. 
MnO. 
CuC. 


A. 


76.20 

13.17 

.d4 

.73 

.19 

.42 

4.31 

4.46 

.33 

trace 


.10 


100.25 


B. 


56. 6S 

16.62 

6.28 


.79 
.59 

1.03 
11.18 

3.28 
.22 
.73 

2.21 

1.02 
trace 

100.63 
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ARIZONA. 

A,  B,  C,  D.  Mica-basalt,  Santa  Maria  Basin.  See  Iddings,  Bull. 
Phil.  See.  Washington,  vol.  12,  p.  212.  Not  fully  described.  Analy- 
ses by  W.  F.  Hillebrand,  record  No.  1261. 

E.  Homblende-porphyrite,  Sierra  Carrizo.  Described  by  Cross, 
14th  Ann.,  p.  165.  Contains  plagioclase  and  hornblende,  in  a  ground- 
mass  of  quartz  and  orthoclase.     Analysis  by  Hillebrand,  No.  1429. 


A. 

B. 

c. 

.    D. 

E. 

SiO, 

49.36 

16.35 

2.93 

8.55 

7.06 

10.08 

2.67 

.82 

.22 

.65 

.98 

.30 

.19 

.05 

none 

.04 

none 

55.35 

12. 91 

4.67 

2.06 

6.29 

5.77 

2.65 

4.86 

2.67 

1.18 

.87 

.58 

.08 

.05 

trace 

.19 

trace 

57.04 

13.66 

4.96 

1.77 

4.43 

6.23 

3.08 

4.95 

1.11 

1.10 

.94 

.63 

.17 

.07 

trace 

.22 

trace? 

57.48 

14.09 

5.21 

1.35 

3.49 

6.05 

3.00 

4.69 

1.20 

1.37 

.94 

.65 

.09 

.08 

trace 

.23 

none 

63.18 

16.47 

2.36 

2.28 

1.33 

4.77 

4.40 

2.93 

.27 

.60 

.60 

.28 

.15 

ALO, 

Fe,0, 

FeO 

MffO 

CaO 

Na-O.... 

K,0 

H,OatlOO«> 

H,0  above  100*» 

TiO, 

P-Os 

MnO 

NiO,  CoO 

SiO 

.09 

.15 

trace 

BaO 

Li,0 

100.25 

99.98 

100.36 

99.92 

99.86 

174 


ANALYSES  OF  BOOKS,  U.  8.   OEOLOGIOAL  SURVEY.         [bull.  168. 


F.  Typical  hypersthene-andesite,  San  Francisco  Mountains.     Not 
described.     Analysis  by  T.  M.  Chatard,  record  No.  270. 

G.  Recent  lava,  2*  miles  south  of  Mount  Trumbull.     Not  descrilx*  . 
Analysis  by  L.  G.  Elakins,  record  No.  1024. 


SiO,. 

AlA 

Fe,0, 

FeO. 

MgO 

CaO. 

Na,0 

K,0. 

H,0. 

TiO,. 

PA- 
MnO 


P. 


99.78 


6. 


64.82 

45.30 

18.27 

14.95 

3.48 

1.98 

.56 

9.32 

.85 

8.29 

2.89 

8.87 

5.05 

4.27 

2.67 

1.27 

.20 

.85 

.56 

2.66 

.23 

2.23 

.20 

trace 

99.99 


NEVADA. 


1.    BOCKS  FROM  WASHOE. 


Described  by  Ha^e  and  Jddings,  Bull.  17.  Analyses  by  F.  A. 
Gk)och,  record  Nos.  119,  129.     FeO  not  separately  determined. 

A.  Rhyolite,  south-southeast  of  McClellan  Peak.  Contains  feld- 
spars, orthoclase  predominating  over  plagioclase,  quartz,  mica,  and 
hornblende. 

B.  Dacite,  spur  northeast  of  McClellan  Peak.  More  plagiocla«e 
tiian  orthoclase,  much  mica,  less  hornblende,  little  quartz. 


SiO,.... 
A1,0,... 
Fe,0,.-. 
MgO... 
OaO.... 
Na,0--. 
K,0..-. 
Ignition 


A. 

B. 

73.07 

69.96 

11.78 

15.79 

2.30 

2.50 

.39 

.64 

2.02 

1.73 

• 

1.19 

3.80 

6.84 

4.12 

2.24 

1.53 

99.83 

100.07 
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2.    ROCKS  FBOM   EUBEKA. 

Described  by  Hague  and  Iddings,  Men.  XX. 

A.  Basalt^summitof  Richmond  Mountain.  Bed,  porous.  Contains 
augite,  less  hypersthene,  feldspars,  and  magnetite,  in  a  glassy  base, 
with  accessory  olivine  and  quartz.  Analysis  by  J.  E.  Whitfield,  record 
No.  424. 

B.  Andesitic  perlite,  south  of  Carbon  Ridge.  Contains  plagioclase, 
hornblende,  biotite,  quartz,  hypersthene,  augite,  magnetite,  apatite, 
and  zircon,  with  a  glassy  base.  Analysis  by  W.  H.  Melville,  record 
No.  1240. 


SiO, 

A1,0, 

Fe,Oa 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatlOS''...- 
H,0  above  105*» 
TiO, 

PA 

NiO 


A. 


1 


50. 3S 
19.83 
6.05 
2.00 
5.36 
10.03 
2.15 
1.76 

1.37 

none 
none 


.38 

trace 

.83 

100.14 


B. 

65.13 

15.73 

2.24 

1.86 

1.49 

3.62 

2.93 

3.96 

.52 

1.91 

.58 

.23 

.07 

trace 


100.27 
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CALIFORNIA. 


1.    MOUNT  SHASTA. 


Description  of  rocks  furnished  by  J.  S.  Diller,  who  also  describes 
A,  B,  and  C  in  BuU.  150,  pp.  221,  227. 

A.  Hornblende-andesite,  Black  Butte,  west  base  of  Shasta.  Con- 
tains plagioclase  and  hornblende  in  a  microlitic  groundmass.  The  lat- 
ter carries  hypersthene,  magnetite,  and  amorphous  matter.  Analysis 
by  W.  H.  MelviUe,  record  No.  1346.     P.  R.  C.  84. 

B.  Hypersthene-andesite,  older  flow,  west  base  of  Shasta.  Contains 
plagioclase,  hypersthene,  magnetite,  and  glass.  Analysis  by  Melville, 
No.  1346. 

C.  Hypersthene-andesite,  like  B,  same  locality,  later  flow.  Analysis 
by  MelviUe,  No.  1346.     P.  R.  C.  87. 

D.  Hornblende-andesite,  late  flow,  eastern  side  of  Shasta.  Contains 
small  crystals  of  plagioclase  and  hornblende  in  a  dark  groundmass. 
Thin  section  not  examined.    Analysis  by  H.  N.  Stokes,  record  No.  1532. 

E.  Ophitic  basalt  from  near  the  McCloud  River,  south  of  Mount 
Shasta.  A  gray  cellular  rock.  Thin  section  not  examined.  Analysis 
by  Stokes,  No.  1532. 

F.  Andesite  basalt.  Delta,  Shasta  County.  Much  plagioclase  and  a 
few  hypersthene  crystals  in  a  groundmass  chiefly  of  feldspar,  pyroxene, 
magnetite,  and  trace  of  olivine.     Analysis  by  Melville,  No.  1346. 


A. 

• 

B. 

c. 

D. 

E. 

F. 

Si,0 

64.48 
19.28 
1.40 
1.78 
1.64 
5.06 
4.41 
1.12 

1      .06 
undet. 

64.62 
18.31 
.90 
2.51 
2.35 
5.11 
4.64 
1.25 

1      .20 
undet 

63.03 
17.72 
2.27 
1.92 
3.63 
5.97 
3.92 
1.06 

1      .44 
nndet 

61.58 

16.96 

1.75 

2.85 

3.67 

6.28 

3.94 

1.28 

.24 

1.06 

.49 

.22 

trace 

trace 

.03 

trace 

47.94 

18.90 

2.21 

8.59 

8.21 

9.86 

2.81 

.29 

.39 

.74 

.57 

.15 

trace 

none 

none 

trace 

55.08 
18.93 
2.02 
5.56 
5.17 
8.40 
4.23 
.74 

}        .29 
trace 

ALO. .. 

Fe,0, 

FeO 

MeO 

o  -     --------- 

CaO 

Na,0 

K,0 

M^J-S^   .......... 

HjOatllO**... 
H,0  above  110*» 
TiO, 

A&'V^J         ......... 

P.O. 

j"^6    ......... 

MnO 

SrO 

BaO 

Li,0 

i^'           " 

99.23 

99.79 

99.96 

100.35 

100.66 

100.42 

IQNKOUS    AND   CBYSTALLINE   BOOKS. 


177 


The  following  rocks  are  from  Shasta  County,  but  not  within  either 
the  Mount  Shasta  or  the  L&ssen  Peak  areas.  Collected  by  J.  S.  Diller, 
who  furnishes  the  petrographic  data. 

A.  Dacite-porphyry,  east  fork  of  Clear  Creek,  9  miles  above  French 
Gulch.  Contains  conspicuous  phenocrysts  of  plagioclase,  a  few  of 
quartz,  and  smaller  ones  of  biotite  and  pyroxene,  in  a  groundmass  ot 
quartz  and  feldspar.     Analysis  by  J.  E.  Whitfield,  record  No.  970. 

B.  Dacite-porphyry,  Smiths  Gulch,  6  miles  up  Clear  Creek  from 
French  Gulch.  Contains  phenocrysts  of  plagioclase,  quartz,  bio- 
tite, and  hornblende,  in  a  groundmass  chiefly  of  quartz  and  feldspar. 
Analysis  by  Whitfield,  No.  971.  Also  described  by  J.  P.  Iddings  in 
BuU.  160,  p.  233.     P.  R.  C.  90. 

C.  Diorite,  from  Ono.  Not  described.  Analysis  by  T.  M.  Chatard, 
record  No.  1107. 


8iO,.. 

A1,0,! 

Fe,0,. 

FeO.. 

MgO 

CaO. 

Na,0. 

K,0. 

H,0. 

TiO,.. 

PA. 
MnO 


BaO 


SO,. 

a.. 


LeflsO. 


A. 


66.30 

17.56 

2.19 

.56 

.97 

3.12 

5.15 

2.45 

1.25 

trace 

.15 

trace 


B. 


.28 


99.96 


64.24 

18.67 

1.40 

1.96 

1.48 

4.11 

4.14 

1.71 

1.18 

.76 

.08 

trace 


.22 
.25 

100.20 
.05 


100.15 


c. 


68.10 

15.18 

1.34 

1.70 

2.06 

4.66 

3.71 

1.48 

.55 

.35 

.18 

.20 

.06 


99.57 


2.    LASSEN  PEAK  REGION. 

Bocks  collected  by  J.  S.  Diller,  who  has  furnished  the  petrographic 
data.  Nearly  all  are  from  the  area  covered  by  the  Lassen  Peak  atlas 
sheet  of  the  U.  S.  Geological  Survey.  The  quartz  basalts  have  been 
described  by  Diller  in  Bull.  79,  and  partly  in  Amer.  Journ,  Sci.,  8d 
series,  voL  38,  p.  49.  The  analyses  are  so  numerous  that  it  seems  best 
to  divide  them  into  subordinate  groups. 

BuU.  168 la 
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IST.    RHYOLITBB. 

A.  Rhyolite,  a  short  distance  northwest  of  Willow  Ijake,  near  the 
Geyser,  Plumas  County.  A  light-gray  rock  with  occasional  pheno- 
crysts  of  quartz  and  feldspar  in  a  granular  groundmass  of  the  same 
materials.     Analysis  by  W.  F.  Hillebrand,  record  No.  414. 

B.  Rhyolite,  2  miles  northwest  of  Deer  Creek  Meadows,  Tehama 
County.  Shows  many  small  crystals  of  quartz,  feldspar,  and  biotite 
in  a  spherulitic  groundmass.     Analysis  by  Hillebrand,  No.  415. 

C.  Rhyolite,  Slate  Creek,  west  of  Deer  Creek  Meadows.  Composed 
wholly  of  spherulites,  some  of  which  include  crystals  of  feldspar  or 
biotite.     Analysis  by  Hillebmnd,  No.  416. 

D.  Rhyolite,  summit  of  Mount  Stover,  Plumas  County.  Composed 
almost  wholly  of  spherulites,  with  a  few  crystals  of  feldspar  and  horn- 
blende.    Analysis  by  Hillebrand,  No.  417. 

E.  Rhyolite,  near  Slate  Creek,  west  of  Deer  Creek  Meadows.  A 
pearlite,  composed  chiefly  of  little  glass  balls,  with  a  few  spherulites, 
and  crystals  of  feldspar  and  biotite.     Analysis  by  Hillebrand,  No.  418. 

F.  Rhyolite,  li  miles  northeast  of  Clipper  Mills,  on  tramway  to 
Rock  Creek,  Shasta  County.  A  spherulitic  rock  containing  a  few 
microscopic  particles  of  feldspar  and  hornblende.  Analysis  by  Hille- 
brand, No.  678. 

G.  Rhyolite-tuff,  divide  between  the  west  fork  of  Willards  Creek 
and  the  stage  road,  in  Lassen  County.  Elevation,  5,800  feet  Com- 
posed almost  wholly  of  fine  angular  particles  of  clear  glass.  Analysis 
by  George  Steiger,  record  No.  1427. 

Materials  for  A  to  F  dried  at  110°  previous  to  analysis. 


/ 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0  at  100° . . 
H,0  above  100** 
TiO, 

PA 

MnO 

SrO 

BaO 

Lifi 

SO, 


A. 


74.24 

14.60 

1.27 

.67 

.25 

.11 

3.00 

3.66 


2.04 
.20 
.07 
.06 

trace 
.18 

none 
.03 


B. 


74.65 

14.11 

1.08 

.29 

.20 

.80 

2.81 

4.59 


c. 


D. 


1.40 
.21 

trace 
.11 

trace 
.08 

none 


100.28     100.33     100.09  \  100.  \^ 


73.62 

14.24 

.93 

.67 

.33 

1.07 

3.25 

4.28 


1.29 
.21 
.02 
.08 

trace 
.10 

none 


72.40 

14.81 

.81 

.88 

.47 

1.94 

3.91 

3.90 


.59 
.18 
.03 
.07 
.04 
.10 
trace 


E. 


73.64 

13.44 

.60 

.74 

.26 

1.26 

3.51 

4.50 


1 


1 


1.99 
.11 
.06 
.06 
.02 
.11 

trace 


74.60 

13.41 

1.28 

.30 

.26 

1.08 

3.38 

4.50 


G. 


1 


\ 


100.30 


.85 
.16 
.03 
.06 

none 
.11 

trace 


L 


100.02 


70.01 

12.61 

1.47 

.50 

.72 

1.06 

1.94 

5.12 

2.37 

4.68 


.04 
trace 


100.52 
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2d    DACITBB   AND    ANDESITBS. 

A.  Gray  dacite,  Lassen  Peak.  Contains  hornblende,  biotite,  plagio- 
elase,  quartz,  scarce  pyroxene,  magnetite,  apatite,  and  a  glassy  base. 
Analysis  by  T.  M.  Chatard,  record  No.  111.     P.  R.  C.  82. 

B.  Secretion  in  dacite,  Lassen  Peak.  Composed  chiefly  of  plagio- 
clase  and  hornblende.     Analysis  by  Chatard,  No.  110. 

C.  Reddish  dacite,  Lassen  Peak.  Essentially  like  A.  Analysis  by 
Chatard,  No.  110.     P.  R.  C.  82. 

D.  Dacite,  near  the  timber  line,  west  base  of  Lassen  Peak.  Small 
phenocrysts  of  plagioclase  and  hornblende,  with  a  few  of  quartz, 
in  a  reddish-gray  groundmass  containing  much  amorphous  matter. 
Analysis  by  W.  F.  Hillebrand,  record  No.  668.     P.  R.  C.  82. 

E.  Secretion  in  D.  Composed  essentially  of  plagioclase  and  horn- 
blende.    Analysis  by  Hillebrand,  No.  669.     P.  R.  C.  82. 

Rocks  A,  C,*^  D,  and  E  described  by  Diller  in  Bull.  150,  p.  217. 


SiO,.. 

AIA- 
Fe,0, 

FeO.. 

MgO. 

CJaO  . 

Na,0. 

K,0.. 

H,0.. 

TiO,. 

PA- 
MnO. 

SrO.. 

BaO.. 

Li,0  . 


A. 

69.51 

15.  75 

3.34 


2.09 
1.71 
3.89 
3.34 
.56 

trace 


100.19 


B. 

58.97 

18.60 

5.94 


6.89 
2.84 
3.05 
2.24 
1.35 

undet. 


68.20 

16.98 

3.75 


2.07 
4.33 
2.98 
1.52 
.44 


99.88 


100.27 


D. 
68.32 

K. 

55.14 

15.26 

19.10 

1.66 

6.16 

1.26 

.54 

1.32 

4.23 

3.26 

8.36 

4.27 

3.71 

2.81- 

1.04 

1.37 

.91 

.31 

.52 

.12 

.18 

.04 

.11 

trace 

.07 

.07 

trace 

trace 

trace 

100.07 

100.07 
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F.  Dacite,  east  end  of  Chaos,  northwest  base  of  Lassen  Peak.     The  / 
youngest  dacite  of  the  region.     Contains  quartz,  feldspar,  biotite,  and 
hornblende,  embedded  in  a  clear  pumieeous  glass.     Analysis  by  W.  F. 
Hillebrand,  record  No.  670.     Described  by  Diller  in  Bull.  160,  p.  218. 

6.  Secretion  in  F.  Consists  chiefly  of  plagioclase  and  hornblende, 
with  some  olivine  and  clear  glass.     Analysis  by  Hillebrand,  No.  671. 

H.  Dacite  (?),  west  side  of  old  crater  rim  near  the  Thumb,  at  the 
head  of  Mill  Creek,  Shasta  County.  Shows  phenocrysts  of  hornblende, 
plagioclase,  and  pyroxene,  and  apparently  of  quartz,  in  a  gray,  micro- 
litic  groundmass.     Analysis  by  Hillebrand,  No.  674. 

I.  Streaked  dacite,  falls  of  south  fork  of  Bear  Creek,  Shasta  County. 
Contains  plagioclase  with  a  little  sanidine,  hornblende,  quartz,  mag- 
netite, some  pyroxene  inclusions,  and  glass  base.  Analysis  by  R.  B. 
Riggs,  record  No.  524.  P.  R.  C.  80.  Described  by  Diller  in  Bull. 
160,  p.  213. 

J.  Dadte-tuff,  Rice's  quarry,  6  miles  southeast  of  Paskenta,  Tehama 
County.  Clear  glass,  with  fragments  of  quartz,  feldspar,  and  horn- 
blende.    Analysis  by  George  Steiger,  record  No.  1427. 


F. 

0. 

H. 

I. 

68.10 

15.50 

3.20 

none 

.10 

3.02 

4.20 

3.13 

J. 

65.78 
14.87 
1.27 
1.00 
1.89 
2.41 
2.58 
2.71 
2.87 
4.32 

SiO, 

68.72 
16.15 
1.16 
1.76 
1.28 
3.30 
4.26 
2.78 

53.35 
19.22 
3.28 
4.48 
4.86 
9.76 
2.89 
.  99 

63.81 
17.07 
2.11 
2.15 
2.28 
4.97 
4.08 
1.96 

ALO, 

Fe,Oi 

FeO 

MffO 

CaO 

Na,0 

K,0 

H,OatlOO° 

H,0  above  100° 

TiO, 

.74 
.31 
.09 
.11 
.03 
.07 
trace 

.77 
.  56 
.10 
.15 
.03 
trace? 
trace 

1.03 
.38 
.10 
.09 
.03 
.04 

trace 

2.72 
.15 
.03 

trace 

trace 
.06 

none 

100.21 

P,Oft 

.08 

MnO 

trace    ' 

SrO 

1 

BaO 

I 

LLO 

! 

99.76 

100.44 

100.10 

99.78 
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K.  Pyroxene-andesite,  west  end  of  Butte  Mountain,  Plumas  County. 
Prominent  phenocrysts  of  pyroxene  and  minute  ones  of  plagioclase, 
in  a  dark  groundmass  containing  much  globulitic  matter.  Analysis  by 
W.  F.  Hillebrand,  record  No.  411. 

L.  Pyroxene-andesite,  south  base  of  Burney  Butte,  Shiusta  County. 
Numerous  small  phenocrysts  of  plagioclase  and  a  few  of  pyroxene,  in 
a  gray  groundmass  containing  much  amorphous  matter.  Analysis  by 
R.  B.  Riggs,  record  No.  684. 

M.  Hornblende-andesite,  Tuscan  Buttes,  7  miles  east  of  Red  Bluff. 
A  few  small  phenocrysts  or  fragments  of  hornblende,  in  a  groundmass 
consisting  mainly  of  plagioclase  and  gray  microlitic  matter.  Analysis 
by  Hillebrand,  No.  412. 

N.  Hornblende-andesite,  near  Buntingville,  Lassen  County.  A  few 
phenocrysts  of  hornblende  in  a  groundmass  consisting  mainly  of  small 
feldspars.     Analysis  by  T.  M.  Chatard,  record  No.  413. 

O.  Hornblende-andesite,  northwest  summit,  head  of  Burney  Creek, 
Shast^w  County.  Inconspicuous  plagioclase  and,  rarely,  olivine,  in  a 
groundmass  of  plagioclase  and  pyroxene.  Numerous  dark  spots  are 
due  to  altered  hornblende.     Analysis  by  Riggs,  No.  683. 

Rocks  in  this  group  dried  at  106^  before  analysis. 


K. 

L. 

M. 

N. 

0. 

SiO, 

55. 53 

17.63 

2.81 

3.59 

5.85 

8.74 

3.09 

.92 

1.24 

.56 

.21 

.08 

.06 

.02 

none 

62.44 

16.39 

4.66 

1.00 

2.65 

6.22 

3.16 

2.25 

1.02 

.31 

.05 

trace 

trace 

.03 

trace 

trace 

60.93 

18.56 

2.68 

2.19 

2.37 

6.63 

3.79 

1.33 

.90 

.61 

.18 

.10 

.12 

.02 

none 

67.89 

17.29 

2.39 

.21 

.66 

3.01 

5.11 

1.69 

1.34 

.21 

.12 

.12 

.04 

.03 

60.04 

17.43 

5.39 

.53 

3.51 

6.65 

4.15 

1.24 

.90 

.49 

.04 

.08 

? 

.04 
trace 
trace 

w^*-\^2  ......  .......... 

ALO, 

Fe,0, 

FeO 

MffO 

CaO 

Na,0 

K,0 

H,0 

TiOj 

P-O* 

MnO 

SrO 

BaO 

lijO 

SO, 

• 

100.33 

100.18 

100.41 

100.11 

100.49 
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P.  Hypersthene-andesite,  1  mile  west  of  summit  on  BidwelPs  road, 
Butte  County.  Rich  in  small  phenocrysts  of  plagioclase  and  pyroxene, 
mostly  hypersthene,  in  a  groundmass  of  the  same  minerals,  with  magne- 
tite, and  probably  some  amorphous  matter.  Analysis  by  W.  F.  Hille- 
brand,  record  No.  410. 

Q.  Hypersthene-andesite,  old  crater  at  head  of  Mill  Creek.  Contains 
small  phenocrysts  of  plagioclase  and  hypersthene,  in  a  groundmass  of 
plagioclase,  pyroxene,  magnetite,  etc.  Some  greenish  pseudomorphs 
suggest  former  olivine.     Analysis  by  T.  M.  Chatard,  record  No.  409. 

R.  Hypersthene-andesite,  2  miles  south  of  Suppans  Mountain, 
Tehama  County.  Abundant  plagioclase  and  hypersthene,  with  traces 
of  hornblende,  in  a  microlitic  groundmass.  Analysis  by  Hillebrand, 
No.  672. 

S.  Secretion  in  R.  Composed  chiefly  of  plagioclase  and  hypersthene, 
with  some  quartz  and  amorphous  matter.  Analysis  by  Hillebrand, 
No.  673. 

T.  Hypersthene-andesite,  westb  ase  of  Suppans  Mountain,  near  Las- 
sen Peak,  Tehama  County.  Contains  numerous  microscopic  crystals  of 
plagioclase  and  hypersthene,  in  a  microlitic  groundmass.  Analysis  by 
Hillebrand,  No.  676. 

Rocks  dried  at  100^  to  110°  before  analysis. 


SiO,. 

A1,0, 

Fe,0, 

FeO. 

MgO 

CaO. 

Na,0 

K,0. 

H,0. 

TiO, 

PA- 
MnO 

SiO. 

BaO. 

Li,0 


p. 

55.20 

18.68 

3.14 

4.42 

4.59 

8.02 

3.66 

1.01 

.51 

.92 

.24 

.14 

.02 

.03 

none 

100.58 


Q. 


57.11 

17.78 

3.54 

2.74 

3.41 

7.21 

3.81 

1.86 

.98 

.95 

.26 

.33 

trace? 

.03 


100.01 


R. 

s. 

63.47 

57.04 

16.75 

19.11 

2.15 

4.37 

2.75 

2.48 

3.04 

3.94 

5.72 

7.34 

3.94 

3.48 

1.62 

1.16 

.55 

1.09 

.37 

.47 

.13 

.08 

.09 

.12 

.04 

.02 

.04 

trace? 

trace 

trace 

100.66 

100.70 

T. 

58.08 

18.37 

2.92 

3.38 

3.35 

7.05 

3.66 

1.33 

1.09 

.44 

.16 

.13 

.02 

.03 

trace 

100.01 
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U.  Hypersthene-andesite,  1  mile  southwest  of  Thumb,  head  of  Bailey 
Creek,  near  Lassen  Peak.  Abundant  but  inconspicuous  plagioclase 
and  hypei*sthene,  in  a  microlitic  groundmass  containing  many  small 
crystals  of  plagioclase.    Analysis  by  W%  F.  Hillebrand,  record  No.  675. 

V.  Hypersthene-andesite,  west  summit  of  Crater  Peak,  Shasta 
County.  Microphenocrysts  of  feldspar  and  hypersthene  in  a  ground- 
mass  consisting  largely  of  the  same  minerals,  with  some  amorphous 
matter.     Analysis  by  Hillebrand,  No.  679. 

W.  Hypersthene-andesite,  north  slope  of  Crater  Peak.  Phenocrysts 
of  plagioclase  and  hypersthene  in  a  groundmass  containing  much  dark 
amorphous  matter.    ^Analysis  by  Hillebrand,  No.  680. 

X.  Secretion  in  W.  Composed  chiefly  of  plagioclase,  hypersthene, 
and  a  globulitic  base.     Analysis  by  Hillebrand,  No.  681. 

Y.  Andesitic  tuff,  Stillwater  Creek,  8  miles  northeast  of  Redding. 
Contains  plagioclase,  hornblende,  rare  hypersthene,  magnetite,  and 
glass.  Fragments  of  andesite  are  inclosed.  Analysis  by  W.  H.  Mel- 
ville, record  No.  1346.     Described  by  Diller  in  Bull.  150,  p.  211. 

Bocks  dried  at  100°  to  110°  before  analysis. 


SiO,. 
AlA 

Fe,0, 

FeO. 

MgO 

CaO. 

Na,0 

K,0. 

H,0. 

TiO, 

PA 
CrA 

MnO 

6rO. 

BaO. 

LijO 


u. 


59.84 

16.81 

1.88 

3.60 

3.85 

6.30 

3.63 

2.13 

1.04 

.57 

.19 

trace? 

.14 

.02 

.07 

trace 

100.07 


68.12 

16.24 

1.26 

2.08 

1.36 

3.80 

3.89 

2.64 

.40 

.26 

.14 

none 

.10 

.02 

.09 

tra<!e 

100.28 


w. 


61.17 

17.74 

1.78 

3.61 

2.76 

6.90 

3.79 

1.71 

.83 

.46 

.14 

none 

.12 

.04- 

.06 

trace 

100.00 


X. 

Y. 

63.86 

69.51 

18.63 

15.61 

1.96 

.56 

6.30 

1.27 

6.88 

.61 

9.66 

2.80 

2.98 

3.43 

.74 

2.81 

.46 

3.63 

.60 

trace 

.06 
trace 
.12 
.04 
.03 
trace 

100.09 

100.23 
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3d.   BASAI/re. 

The  quartz-basalts  are  described  by  Diller  in  Bull.  79.  That  from 
Mitylene  was  analyzed  for  comparison  with  the  Cinder  Cone  series. 

A.  Quartz-basalt,  Cinder  Cone,  10  miles  northeast  of  Lassen  Peak. 
Contains  plagioclase,  pyroxene  (mostly  hypersthene),  olivine,  quartz, 
and  much  unindividualized  base;  the  latter  about  25  per  cent  Mag- 
netite is  also  present;  augite  occurs  sparingly.  Analysis  by  W.  F. 
Hillebrand,  record  No.  407.  P.  R.  C.  96.  Also  described  in  Bull. 
150,  p.  252. 

B.  Volcanic  bomb  from  quartz-basalt,  Cinder  Cone.  Analysb  by 
Hillebrand,  No.  665. 

C.  Lapilli  from  quartz-basalt.  Cinder  Cone.  Analysis  by  Hille- 
brand, No.  667.     P.  R.  C.  96.     Also  described  in  Bull.  150,  p.  349. 

D.  Volcanic  sand,  one-half  mile  northeast  of  Cinder  Cone.  Analy- 
sis by  Hillebrand,  No.  668. 

E.  White  pumiceous  inclosure  from  quartz-basalt.  Cinder  Cone. 
Analysis  by  Hillebrand,  No.  664.     Mainly  glass. 

Rocks  dried  at  100^  to  110°  before  analysis. 


A. 

57.25 

16.45 

1.67 

4.72 

6.74 

7.65 

3.00 

1.57 

.40 

.60 

.20 

B. 

C.      ' 

D. 

K 

SiO, 

56.70 

16.75 

1.29 

5.32 

7.16 

7.67 

3.36 

1.56 

.30 

.65 

.20 

trace 

.19 

trace 

.03 

trace 

56.53 

17.50 

1.35 

5.03 

5.94 

8.07 

3.51 

1.65 

.27 

.54 

.16 

trace 

.12 

trace? 

trace 

trace 

65.93 

17.34 

1.60 

5.20 

7.29 

8.04 

3.32 

1.35 

.26 

undet 

undet. 

79.49 

11.60 

.33 

.49 

.09 

1.64 

4.04 

1.52 

.68 

undet 

undet 

ALOa 

*M.Mj-y^^  ............... 

Fe,Oa 

FeO 

MeO 

CaO 

Na,0 

K,0 

H,0 

TiO, 

P,0» 

Cr,0. 

MnO 

.10 
trace 

.03 
none 

undet 

(?) 
(?) 
(?) 

100.23 

none 

(?) 
(?) 
(?) 

SrO 

BaO 

LLO 

A^.g-vy        ■•••••......... 

100.38 

100.18 

100.56 

99.88 
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F.  Quartz-basalt,  one-half  mile  south  of  Cinder  Cone,  on  border  of 
lava  field.    Analysis  by  Hillebrand,  No.  666. 

G.  Quartz-basalt,  west  end  of  Lake  Bidwell,  on  border  of  Cinder 
Cone  lava  field.  Contains  a  few  ^^rains  of  quartz,  much  olivine  and 
plagioclase,  less  pyroxene,  and  a  globulitic  base.  Analysis  by  Hille- 
brand.  No.  661. 

H.  Quartz -basalt.  Silver  Lake,  near  Lassen  Peak.  Contains  occa- 
sional grains  of  quartz,  much  feldspar  and  olivine,  less  pyroxene,  and 
a  brownish  base.     Analysis  by  Hillebrand,  No.  662. 

I.  Quartz-basalt,  resting  on  dacite,  near  west  base  of  Lassen  Peak. 
Analysis  by  Hillebrand,  No.  677. 

J.  Quartz-basalt,  island  of  Mitylene,  coast  of  Asia  Minor.  Analysis 
for  comparison  with  the  Cinder  Cone  series,  by  T.  M.  Chatard,  record 
No.  846. 

Rocks  F  to  I  dried  at  100°  to  110^  before  analysis. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oatl06*».... 
H,0  above  lOb"" 
TiO, 

PA 

CrA 

MnO 

SrO 

BaO 

Li,0 

CO, 


F. 


54.66 
16.04 
.95 
6.07 
8.71 
8.89 
3.05 
1.18 


.28 
.53 
.18 

trace 
.17 

trace 
.03 

trace 


100.64 


Q. 


56.18 
16.59 
1.51 
5.51 
7.26 
7.64 
3.58 
1.47 


.42 
undet 
undet 


undet. 

(?) 
(?) 
(?) 


100.16 


H. 


57.59 
16.49 
1.22 
4.89 
7.72 
7.40 
3.62 
.99 


.86 
undet. 
undet. 


undet. 

(?) 
(?) 
(?) 


100.78 


I. 


56.51 
18.10 
4.26 
2.68 
4.52 
8.15 
3.23 
1.15 


.48 
.14 

« 

trace 
.11 
.04 
.04 

trace 


100.10 


J. 


56.58 
14.88 
2.31 
3.04 
3.76 
8.69 
3.36 
2.18 


1.43 

.77 

.15 

trace? 

.16 


.07 


2.32 


100.39 
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K.  Recent  basalt.  Pit  River.  Rich  in  feldspar  and  aughe,  poor  in 
Qlivine.    Partial  analyBis  by  F.  W.  CSsrke,  record  No.  109. 

Lf.  Basalt,  1  mile  socdlieast  of  Paynes  Creek,  on  the  road  from  Red 
Bluff  to  Lassen  Peak.  A  normal  basalt,  rather  rich  in  olivine.  Analy- 
sis by  T.  M.  Chatard,  record  No.  406. 

M.  Basalt,  summit  of  Inskip  Crater,  25  miles  east  of  Red  Bluff. 
Mainly  feldspar  and  augite,  with  a  few  phenocrysts  of  olivine.  Analy- 
sis by  Hillebrand  and  Chatard,  record  No.  406. 

N.  Basalt  from  the  cone  at  south  base  of  Burney  Butte,  Shasta  County. 
Composed  of  plagioclase  and  augite,  with  some  olivine  and  a  globulitic 
base.    Analysis  by  R.  B.  Riggs,  record  No.  685. 

O.  Basalt,  near  eastern  end  of  rim  of  Crater  Peak,  Shasta  County. 
Contains  plagioclase  and  pyroxene,  some  of  the  latter  being  hyper- 
sthene  with  a  trace  of  olivine.  Analysis  by  R.  B.  Riggs,  record  No.  682. 

P.  Hornblende-basalt,  Kosk  Creek,  near  its  mouth,  by  the  great  bend 
of  Pit  River,  Shasta  County.  Contains  abundant  phenocrysts  of  horn- 
blende, with  a  few  of  plagioclase,  pyroxene,  and  olivine,  in  a  ground- 
mass  of  plagioclase,  augite,  and  magnetite.  The  hornblendes  are 
deeply  corroded,  and  some  have  disappeared,  leaving  groups  of  magne- 
tite grains  to  mark  their  former  presence.  Analysis  by  L.  6.  Eakins, 
record  No.  1022.  Described  by  Diller  in  Amer.  Geologist,  vol.  19,  p. 
253. 

Rocks  dried  at  105^  to  110^  before  analysis,  except  in  the  case  of  the 
rock  marked  L. 
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3.   FLUMAS  OOTTNTT. 

Other  rocks  from  this  county  are  described  under  the  heading  of  the 
Lassen  Peak  area.  The  following  rocks,  with  two  exceptions,  were 
collected  by  H.  W.  Turner,  who  supplies  the  descriptions: 

A.  Granite,  dike  in  serpentine,  south  slope  of  Grizzly  Hill.  De- 
scribed by  Turner  in  Amer.  Geologist,  vol.  17,  p.  375.  Contains 
quartz,  albite,  and  muscovite.  '  Analysis  by  H.  N.  Stokes,  record  No. 
1662.     P.  R.  C.  757. 

B.  Meta-rhyolite,  near  Tower  Rock,  Grizzly  Mountains.  Described 
by  Turner  in  14th  Ann.,  p.  441.  Contains  porphyritic  quartz,  feld- 
spar, and  pyrite,  in  a  fine  groundmass.  Analysis  by  W.  F.  Hille- 
brand,  record  No.  1273.     P.  R.  C.  741. 

0.  Meta-rhyolite,  near  Greenville.  Collected  by  Diller,  who  finds 
phenocrysts  of  quartz  in  a  groundmass  chiefly  of  quartz  and  feldspar. 
Analysis  by  Hillebrand,  record  No.  1458. 

D.  Granodiorite,  southwest  base  of  Mount  Ingalls.  Description 
supplied  by  Turner.  Contains  plagioclase,  quartz,  orthoclase,  brown 
mica,  green  hornblende,  iron  oxide,  and  a  little  apatite,  sphene,  and 
epidote.     Analysis  by  Hillebrand,  record  No.  1456.     P.  R.  C.  727. 

E.  Granodiorite,  Spanish  Peak.  Description  supplied  by  Turner. 
Contains  plagioclase,  quartz,  orthoclase,  biotite,  hornblende,  iron  ore, 
and  apatite;  also  abundant  secondary  epidote  and  chlorite.  Analysis 
by  Stokes,  record  No.  1562.     P.  R.  C.  756. 
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F.  Rhyolite,  3i  miles  southwest  of  Grizzly  Peak.  Description  fur- 
nished by  Turner.  Contains  sanidine,  with  less  quartz  and  biotite, 
in  a  glassy  groundmass.  Analysis  by  Hillebrand,  record  No.  1461. 
P.  R.  C.  776. 

G.  Hornblende-andesite,  4  miles  from  Pilot  Peak.  Described  by 
Turner  in  14th  Ann.,  p.  441.  Contains  plagioclase  and  hornblende  in 
a  groundmass  carrying  grains  of  magnetite.  Analysis  by  Hillebrand, 
record  No.  1432.     P.  R.  C.  716. 

H.  Homblende-pyroxene-andesite,  southwest  base  of  Mount  Ingalls. 
Description  supplied  by  Turner.  Contains  plagioclase,  rhombic  pyrox- 
ene, augite,  brown  hornblende,  and  magnetite,  with  much  glass  in  the 
groundmass.     Analysis  by  Hillebrand,  record  No.  1456.     P.  R.  C.  728. 

I.  Hypersthene-andesite,  Franklin  Hill.  Description  supplied  by 
Turner.  Contains  plagioclase,  rhombic  pyroxene,  augite,  and  magnet- 
ite. Probably,  no  glass.  Analysis  by  Hillebrand,  record  No.  1648. 
P.  R.  C.  754. 
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J.  Dolerite,  Mount  Ingalls.  Described  by  Turner  in  14th  Ann.,  p. 
^1.  Contains  plagioclase,  augite,  hypersthene,  magnetite,  and  a  few 
olivines.    Analysis  by  W.  F.  Hillebrand,  record  No.  1273.    P.  R.  C.  739. 

K.  Dolerite,  Mount  Ingalls.  Also  in  14th  Ann.,  p.  441.  Like  J, 
but  with  scarcely  any  olivine.  Analysis  by  Hillebrand,  record  No. 
1432.    P.  R.  C.  740. 

L.  Basalt,  4  miles  southeast  of  Mount  Ingalb.  Also  in  14th  Ann. ,  p. 
441.  Contains  plagioclase,  olivine,  augite,  and  magnetite.  Analysis 
by  Hillebrand,  record  No.  1273. 

M.  Olivine-basalt,  li  miles  from  Franklin  Hill.  Contains  plagio- 
clase, augite,  partly  altered  olivine,  magnetite,  and  probably  some 
glass.  Description  supplied  by  Turner.  Analysis  by  George  Steiger, 
record  No.  1596.    P.  R.  C.  755. 

N.  Serpentine,  Greenville.  Described  by  Diller  in  Bull.  150,  p.  372. 
Besides  serpentine,  the  rock  contains  some  magnetite  and  less  chro- 
mite,  with  remnants  of  the  pyroxene  from  which  the  serpentine  was  in 
great  part  derived.  Analysis  by  W.  H.  Melville,  record  No.  1346. 
P.  R.  C.  145. 
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4.    BUTTE   COUNTY. 

• 

Rocks  from  this  county  are  also  to  be  found  under  the  heading*  of 
the  Lassen  Peak  region.  The  following  rocks  were  collected  by  H.  W. 
Turner,  to  whom  the  petrographic  data  are  due.  Analyses,  with  two 
exceptions,  by  W.  F.  Hillebrand,  record  Nos.  1432,  1456,  1461,  and 
1548.    Analysis  G  is  by  H.  N.  Stokes,  record  No.  1562. 

A.  Granodiorite,  north  side  of  south  fork  of  Feather  River,  oppo- 
site Enterprise.  Described  in  14th  Ann.,  p.  441.  Contains  plagio- 
clase,  potash  feldspar,  quartz,  hornblende,  brown  mica,  and  accessory 
minerals.  The  ferromagnesian  minerals  are  largely  altered  to  chlo- 
rite.    P.  R.  C.  720. 

B.  Granodiorite,  2  miles  east  of  Bangor.  Composition  like  A.  The 
mica  is  largely  altered  to  chlorite.    See  14th  Ann. ,  p.  441.    P.  R.  C.  717. 

C.  Diorite,  South  Honcut  Creek.  Description  supplied  by  Turner. 
Contains  feldspar,  probably  all  plagioclase,  brown  hornblende,  and  a 
little  chlorite.    P.  R.  C.  775. 

D.  Quartz-diorite,  4.6  miles  south  of  Table  Mountain,  on  ridge 
between  Butte  and  Plumas  counties.  Described  in  17th  Ann.,  Part  I, 
p.  521.  Contains  hornblende,  feldspar,  quartz,  rutile,  and  a  little 
secondary  'chlorite  and  epidote.     P.  R.  C.  758. 

E.  Amphibole  separated  from  E.  Analysis  by  William  Valentine, 
record  No.  1723.     Cr^Oj  determination  by  Hillebrand. 
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F.  Meta-andesite-tuff.  Described  in  14th  Ann.,  p.  441.  Contains 
plagioclase,  augite,  epidote,  chlorite,  and  secondary  hornblende.  P. 
B.  C.  719. 

G.  Uralite-diorite,  1  mile  southeast  of  Forbestown.  Described  in 
17th  Ann.,  Part  I,  p.  521.  Contains  plagioclase,  hornblende,  and 
magnetite.    P.  B.  C.  751. 

H.  Basalt,  Oroville,  Table  Mountain.  Described  in  14th  Ann.,  p. 
441.  Contains  plagioclase,  olivine,  augite,  and  magnetite.  P.  B.  C. 
718. 

I.  Altered  peridotite,  5  miles  northeast  of  Strawberry  Valley. 
Largely  serpentine,  with  olivine,  hornblende,  magnetite,  and  calcite  or 
dolomite.     P.  B.  C.  742. 
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6.    SIERRA  COUNTY. 

Rocks  collected  and  described  by  H.  W.  Turner.  See  paper  in  lYth 
Ann.,  Part  I;  p.  521.  Additional  details,  supplied  by  Turner,  are  given 
here.  Analyses  A  to  H  by  W.  F.  Hillebrand,  record  Nos.  1466  and 
1548.     Analysis  I  by  H.  N.  Stokes,  record  No.  1514. 

A.  Granulite  (aplite),  Yuba  Grap,  road  east  of  Sierra  Buttes.     Con 
tains  orthoclase,  microcline,  quartz,  plagioclase,  some  shreds  of  green- 
ish mica,  and  a  little  iron  ore,  chlorite,  and  apatite.     P.  R.  C.  730. 

B.  Granulite  (aplite),  dike  east  of  Milton.  Contains  orthoclase, 
quartz,  plagioclase,  a  little  microcline,  brown  mica,  and  iron  ore.  P. 
R.  C.  734. 

C.  Biotite-quartz-monzonite,  Indian  Valley.  Contains  plagioclase, 
orthoclase,  quartz,  brown  mica,  apatite,  and  iron  ore.    P.  R.  C.  737. 

D.  Quartz-diorite-porphyry,  dike  in  Indian  Valley  granite.  Con- 
tains plagioclase,  hornblende,  biotite,  and  quartz.     P.  R.  C.  738. 

E.  Quartz-mica-diorite,  large  area  east  of  Milton.  Contains  plagio- 
clase, a  turbid  feldspar  which  is  apparently  not  orthoclase,  quartz, 
green  hornblende,  brown  mica,  iron  ore,  and  apatite.     P.^R.  C.  732. 
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F.  Diabase-porphyry,  dike  east  of  Milton.  Contains  labradorite 
id  other  plagioclase,  augite,  and  hornblende,  the  last  mineral  being 
)rhaps  secondary.     P.  R.  C.  733. 

G.  Hypersthene-andesite,  point  northeast  of  Groodyears  Bar.  Con- 
ins  plagioclase  and  rhombic  pyroxene,  a  little  augite,  and  scales 
hich  seem  to  represent  former  biotite,  now  replaced  by  magnetite. 
.  B.  C.  731. 

H.  Hornblende-pyroxene-andesite,  dike  southeast  of  Poker  Flat, 
ontains  plagioclase,  augite,  hornblende,  magnetite,  some  glass,  and 
^cBsionel  quartz.     P.  R.  C.  736. 

I.  Quartz-bearing  andesite,  northwest  of  Downieville.  Cont^|lfe 
agioclase,  augite,  enstatite,  magnetite,  occasional  quartz,  and  prob- 
)ly  glass.     P.  R.  C.  763. 
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6.    NEVADA   CITY   AND  GRASS  VALLEY. 

Rocks  of  a  mining  district  in  Nevada  County,  described  by  Lind- 
gren  in  17th  Ann.,  Part  II,  p.  1. 

A.  Granodiorite,  1  mile  southeast  of  Nevada  City.  Contains  horn- 
blende, biotite^  quartz,  plagioclase,  orthoclase,  magnetite,  apatite, 
sphene,  and  pyrite.     Analysis  b}'^  W.  F.  Hillebrand,  record  No.  1478. 

B.  Granodiorite,  Kate  Hayes  Hill,  Grass  Valley.  Contains  plagio- 
clase, orthoclase,  quartz,  hornblende,  pyrite,  magnetite,  apatite,  sphene, 
and  zircon.     Analysis  by  Hillebrand,  No.  1478. 

C.  Hornblende-porphyrite,  Nevada  City.  Contains  feldspar,  horn- 
lll^de,  quartz,  epidote,  sericite,  and  biotite.  Analysis  by  H.  N. 
Stokes,  record  No.  1531. 

D.  Quartz-porphyrite,  New  Ophir  claim.  Grass  Valley.  Contains 
plagioclase,  quartz,  uralite,  epidote,  and  augite,  and  hornblende  altered 
into  chlorite.     Analysis  by  Stokes,  No.  1631. 

E.  Diabase,  near  Maryland  mine.  Grass  Valley.  Contains  feldspar, 
augite,  hornblende,  ilmenite,  pyrrhotite,  pyrite,  and  some  chlorite. 
Analysis  by  Stokes,  No.  1522. 

F.  Diabase,  Grass  Valley.  Contains  feldspar,  pyroxene,  hornblende, 
ilmenite,  pyrrhotite,  pyrite,  and  chlorite,  and  probably  a  little  quartz. 
Analysis  by  Stokes,  No.  1522. 
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G.  Wall  rock,  Federal  Loan  mine.  A  siliceous  argillite,  of  sedimen- 
tary origin.  Contains  quartz,  feldspar,  biotite^  pyrrhotite,  and  a  little 
calcite.    Analysis  by  Hillebrand,  No.  1478. 

H.  Altered  wall  rock.  Providence  mine.  Derived  from  granodio- 
rite-     Analysis  by  Hillebrand,  No.  1478. 

I.  Altered  wall  rock,  Providence  mine,  back  vein.  Derived  from 
granodiorite  and  schist.    Analysis  by  Hillebrand,  No.  1478. 

J.  Altered  waU  rock,  North  Star  mine.  Derived  from  uralite-dia- 
base.  Contains  quartz,  sericite,  calcite,  pyrite,  and  sph'ene.  Analysis 
by  Hillebrand,  No.  1478. 

K.  Altered  country  rock,  Idaho  mine.  Derived  from  serpentine. 
Ajialysis  by  Hillebrand,  No.  1478. 
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L.  Bleached  country  rock,  next  to  vein,  Osborne  Hill  mine.  Derived 
from  sandstone.     Analysis  by  George  Steiger,  record  No.  1541. 

M.  Altered  wall  rock,  Empire  mine.  Derived  from  granodiorite. 
Analysis  by  Steiger,  No.  1541.     Sp.  gr.,  2.782,  20°. 

N.  Altered  wall  rock,  Ebaugh  tunnel.  Derived  from  granodiorite. 
Mainly  quartz  andsericite,  with  pyrite,  apatite,  sphene,  and  carbonates. 
Analysis  by  Steiger,  No.  1541.     Sp.  gr.,  2.747,  20°. 

O.  Altered  wall  rock,  Federal  Loan  mine.  Derived  from  siliceous 
argillite.     Analysis  by  Steiger,  No.  1541. 
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7.    PLAGEB  OOUNTT. 

First,  a  series  of  rocks  from  the  Ophir  mining  district,  described  by 
indgren  in  14th  Ann.,  p.  249.  Analyses  by  W.  F.  Hillebrand,  record 
OS.  1419,  1433,  1434. 

A.  Granodiorite,  quarries  at  Lincoln,  8  miles  west  of  Ophir.  Con- 
kins  feldspars,  quartz,  biotite,  and  hornblende. 

B.  I^ritiferous  amphibolite,  Conrad  tunnel.  Partly  altered.  Con- 
Ins  pyrite,  hornblende,  magnetite,  feldspars,  quartz,  epidote,  chlorite, 
few  scales  of  mica,  rutile,  and  carbonates.     Sp.  gr.  2.901,  23°. 

C.  Dike  rock,  near  camptonite,  Casey's  timnel.  Flat  Ledge,  Dun- 
in  Hill.  Contains  hornblende,  feldspars,  pyrite,  and  apatite,  with 
)eondary  epidote  and  quartz. 

D.  Altered  wall  rock,  Mina  Rica  vein.     Sp.  gr.  2.979,  20°. 

£.  Altered  wall  rock,  Plantz  vein.  These  rocks,  D  and  E,  contain 
nartz,  muscovite,  a  little  chlorite,  pyrite,  and  sphene,  with  carbonates 
[  calcium,  magnesium,  and  iron. 
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Second,  rocks  from  other  localities  in  Placer  County.  Studied  also 
by  Lindgren,  who  furnishes  the  petrographic  data.  Analysis  A  hyr 
W.  H.  Melville,  record  No.  1346;  B,  C,  D,  and  E  by  W.  F.  Hillebi-and, 
record  No.  1419. 

A.  Granite,  Rocklin.  A  normal  granite,  containing  quartz,  ortho— 
clase,  plagioclase,  biotite,  muscovite,  magnetite,  apatite,  and  zircon^ 
with  some  secondary  chlorite  and  epidote  derived  from  the  biotite. 
Described  by  Lindgren  in  Bull.  150,  p.  170.     P.  R.  C.  66. 

B.  Granodiorite,  Donner  Pass.  Contains  plagioclase,  orthoclase, 
quartz,  hornblende,  biotite,  and  sphene. 

C.  Gabbro,  2  miles  south  of  Emigrant  Grap,  on  road  to  Onion  Val- 
ley. Contains  biotite,  hypersthene,  diallage,  plagioclase,  and  ortho- 
clase. 

£>.  Gabbro,  same  locality  as  C.  Contains  hypersthene,  diallage, 
plagioclase,  and  orthoclase. 

E.  Augite-granite,  southeast  spur  of  English  Mountain.  Contains 
^^ basic"  plagioclase,  augite,  and  quartz. 
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8.    ELDORADO  OOUNTT. 

A.  Granitite,  Placerville  canal,  one-third  mile  north  of  Ditch  Camp 
>.  7.  Ciollected  by  W.  Lindgren,  who  reports  it  as  containing  biotite^ 
tfaoclase,  plagioclase,  and  quartz.  Analysis  by  George  Steiger, 
cord  No.  1591. 

B.  Granodiorite,  2  miles  south  of  Silver  Lake  Hotel.  Collected  by 
indgren,  who  reports  it  as  containing  hornblende,  biotite,  plagioclase, 
td  quartz.  Analysis  by  Steiger,  No.  1591.  Analyses  A  and  B  are 
iblished  by  Lindgren  in  Amer.  Joum.  Sci.,  4th  ser.,  vol.  3,  p.  306. 

C.  Porphyrite,  1  mile  southwest  of  Latrobe.     Published  by  Turner 
17th  Ann.,  Part  I,  p.  521.     Contains  abundant  plagioclase,  less 

igite,  calcite  or  dolomite,  iron  disulphide,  a  little  chlorite,  and  sec- 
idary  greenish  mica.  Analysis  by  W.  F.  HiUebrand,  record  No. 
B2.    P.  U  C.  721. 
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9.    AMADOR  COUNTY. 

Socks  collected  by  H.  W.  Turner,  and  analyses  published  in  14tb. 
Ann.,  p.  441,  and  I7th  Ann.,  Part  I,  p.  521.     Additional  data  supplied 
by  Turner.     Analyses  by  W.  F.  Hillebrand,  record  Nos.  1432,  1456^ 
and  1697. 

A.  Rhyolite,  south  point  of  Buena  Vista  Peak.  Contains  sanidine^ 
quartz,  and  biotite  in  a  glassy  groundmass.     P.  R.  C.  729. 

B.  Quartz-monzonitQ,  north  fork  of  Mokelumne  River.  Contains 
plagioclase,  microcline,  quartz,  abund&nt  biotite,  iron  ore,  sphene^ 
apatite,  and  perhaps  rutile.     P.  R.  C.  770. 

C.  Quartz-monzonite,  north  fork  of  the  Mokelumne  River.  Like 
B.     P.  R.  C.  765. 

D.  Quartz-porphyrite-schist,  2i  miles  southeast  of  Buena  Vista 
Peak.  Contains  porphyritic  quartz  and  hornblende,  also  calcite  and 
other  carbonates.     See  14th  Ann.     P.  R.  C.  723. 

E.  Quartz-diorite-gneiss,  north  fork  of  .Mokelumne  River.  Con- 
tains plagioclase,  hornblende,  quartz,  brown  mica,  accessory  biotite, 
and  iron  oxide.     P.  R.  C.  764. 

F.  Diorite-porphyry,  north  fork  of  Mokelumne  River.  Contains 
plagioclase,  brown  hornblende,  epidote,  and  a  little  sulphide  of  iron 
and  chlorite.     P.  R.  C.  769. 
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G.  Diorite,  oorth  fork  of  Mokelumne  River.     Contains  quartz,  f eld- 
wr,  biotite,  sphene,  epidole,  and  secondary  chlorite.    P.  R.  C.  771. 
H.  Diorite,  north  fork  of  Mokelumne  River.     Contains  plagioclase. 
lartz^  hornblende,  biotite,  apatite,  iron  ore,  epidote,  and  chlorite, 
B.  0.  772. 

I.  Plagioclase-gneiss,  north  fork  of  Mokelumne  River.     Contains 
agioclase,  hornblende,  biotite,  and  apatite.     P.  R.  C.  768. 
J.  Plagioclase-gneiss,  north  fork  of  Mokelumne  Rivep.     Contains 
agioclase,  hornblende,  brown  mica,  apatite,  epidote,  and  grains  of 
on  ore.     P.  R.  C.  767. 
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.36 


trace 
.06 


.08 
trace 
none 

.06 

100.23 


46.63 

19.47 

3.26 

6.63 

5.37 

9.15 

3.19 

1.55 

.10 

1.61 

1.82 

.66 

.02 

.02 

.21 

.06 

.14 

trace 

none 

.19 

100.08 


202 


ANALYSES  OF  BOOKS,  U.  8.  GEOLOGICAL  SURVEY.         [boll.: 


K.  Wollastonite-gneiss,  north  fork  of  I^okelumne  River.     Main 
wollastonite,  but  garnet,  quartz,  and  sphene  are  also  present.     P. 
C.  766. 

L.  Melaphyr-tuff,  altered  basalt,  west  of  Jackson.  Contains  augi 
and  plagioclase,  with  secondary  quartz,  chlorite,  and  chrysoti 
Originally  glassy  in  part,  but  devitrified.     See  14th  Ann.     P.  R.  C.  7S 

M.  Reddish-brown  mica  separated  from  pyroxenic-gneiss,  north  f  o 
of  Mokelumne  River,  about  1  kilometer  above  mouth  of  Bear  Riv( 
Described  by  Turner  in  Amer.  Journ.  Sci.,  4th  series,  vol.  7,  p.  2i 
Analysis  by  William  Valentine,  record  No.  1736. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO*» 

H,0  above  110*> 
TiO, 

PA 

NiO 

MnO 

SrO 

BaO 

Li,0 

F 

CO, 


LessO, 


K. 


50.67 

6.37 

.31 

.50 

.58 

40.34 

.14 

.22 

.08 

.31 

.20 

none 

none 

trace 

none 

none 

none 


L. 


.52 


100.24 


49.24 

14.79 

1.36 

8.00 

6.89 

10.74 

2.76 

.88 

.20 

2.97 

.96 

.  .17 


.18 
trace 

.04 
trace 


.90 


100.08 


M. 


36.62 

14.37 
4.04 

17.09 
9.68 
1.48 
.45 
8.20 
.90 
3.26 
3.03 

none 


.40 
trace 

.33 
trace 

.10 


99.95 
.04 

99.91 
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10.    CALAVERAS   COUNTY. 


Rocks  collected  by  H.  W .  Turner,  and  described  in  14th  Ann.,  p.  441. 
^^dditional  data  supplied  by  Turner  relative  to  analysis  B.  Analyses 
^■dj  W.  F.  Hillebrand,  record  No.  1432. 

A.  Meta-dacite,  1}  miles  southeast  of  Milton.  Contains  quartz, 
:f  eldspar,  and  hornblende.     P.  R.  C.  777. 

B.  Meta-dacite,  H  miles  northeast  of  Milton.  Contains  feldspar, 
quartz,  epidote,  chlorite,  and  iron  ore,  in  a  groundmass  made  up  prob- 
sbly  of  feldspar  and  quartz.     P.  R.  C.  752. 

C.  Meta-andesite,  li  miles  northward  from  Jenny  Lind.     Contains 
<}uartz,  pla^oclase,  epidote,  and  chlorite  derived  from  augite. 


rn 


SiO, 

A1.0, 

Fe,0, 

FeO 

MgO 

CW 

Na,0 

K,0 

HjOatlOO**.- 
HjO  above  100* 
TiO, 

PA 

MnO 

SrO 

BaO 

00, 


A. 


72.24 

13.84 

1.46 

1.86 

1.10 

3.40 

4.43 

.39 

.17 

.69 

.41 

.10 

.12 

trace 

.08 


100.28 


B. 


71.19 

13.81 

1.46 

1.68 

.74 

2.87 

4.24 

1.82 

.15 

.92 

.36 

.08 

.07 

trace 

.16 

.82 


100.36 


61.37 

15.41 

3.15 

3.89 

3.48 

4.42 

3.76 

.34 

.29 

2.70 

.60 

.08 

.47 

trace 

.08 


100.04 


11.    TUOLUMNE   COUNTY. 


Rocks  collected  by  H.  W.  Turner,  and  partly  described  in  his  papers 
in  the  14th  and  17th  Annuals.  The  latites  were  named  and  described 
by  fiansome  in  Bull.  89.  Some  additional  data  have  been  furnished 
by  Turner. 
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A.  Soda-syenite-porphyry,  dike  east  of  Moccasin  Creek.  Consists 
mainly  of  albite,  with  a  greenish  mineral  which  is  probably  segirite. 
Analysis  by  H.  N.  Stokes,  record  No.  1563.     P.  R.  C.  773. 

B.  Augite-syenite,  dike  on  Turnback  Creek,  about  1  mile  north  of 
Carter  post-office.  Hitherto  unpublished.  Contains  orthoclase  and 
augite,  with  less  plagioclase  and  quartz.  Analysis  by  Stokes,  No. 
1642. 

C.  Diorite,  dike  li  miles  southeasterly  from  Sonora.  Contains 
feldspar  largely  altered  to  hornblende.  A  few  black  grains  are  prob- 
ably iron  ore.  Analysis  by  W.  F.  Hillebrand,  record  No.  1548. 
P.  R.  C.  759. 

D.  Quartz-pyroxene-diorite,  large  area  east  of  Sonora.  Contains 
plagioclase,  quartz,  biotite,  augite,  rhombic  pyroxene,  and  a  trace  of 
iron  ore.     Analysis  by  Hillebrand,  No.  1548.     P.  R.  C.  760. 

E.  Diorite,  dike  about  li  miles  southeasterly  from  Sonora.  Con- 
tains altered  plagioclase  and  hornblende,  with  epidote,  chlorite,  and 
iron  disulphide  as  secondary  products.  Analysis  by  Hillebrand,  No. 
1548.     P.  R.  C.  761. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO.... 

CaO 

Na,0 

K,0 

H,OatllO*>.... 
H,0  above  110*» 
TiO, 

PA 

MnO 

NiO 

SiO 

BaO 

Li,0 

SO, 

CO, 

F 

FeSa 


A. 


67.53 

18.57 

1.13 

.08 

.24 

.55 

11.50 
.10 
.15 
.31 
.07 
.11 

trace 


trace 


trace 


trace 


100.34 


B. 


61.28 

14.71 

1.21 

2.85 

1.69 

5.61 

2.99 

7.70 

.28 

.43 

.41 

.16 

trace 


.04 
.72 


.08 


100.16 


c. 


58.05 

15.46 

1.69 

5.09 

4.84 

6.94 

2.86 

2.14 

.10 

2.02 

.72 

.16 

.14 

none 

trace 

.07 

trace 


none 


none 


100.28 


D. 


57.80 

16.43 

1.62 

6.51 

4.14 

7.21 

2.35 

2.29 

.11 

.38 

.70 

.19 

.18 

.03 

trace? 

.09 

trace 


none 


none 


100.03 


53.46 

14.81 

2.60 

5.15 

7.27 

8.44 

2.64 

1.30 

.12 

2.13 

.70 

.16 

.18 

.05 

trace 

.05 

trace 


.44 
.26 


99.76 
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F.  Biotite-ao^te-latite,  4  miles  southwest  of  Clover  Meadow. 
Called  "trachyte-andesite-tuflf"  in  former  edition  of  this  bulletin. 
Contains  pla^oclase,  biotite,  augite,  magnetite,  apatite,  and  glass. 
Analysis  by  W.  F.  Hillebrand,  record  No.  1597.     P.  R.  C.  762. 

G.  Augite-latite,Dardarielle  flow,  near  Clover  Meadow.  Called '' tra- 
chyte-andesite"  in  former  edition.  Contains  plagioclase,  in  part  labra- 
dorite,  augite,  iron  ore,  some  olivine,  apatite,  and  brown  glass.  The 
potassium  is  probably  in  the  glass,  as  no  potash  mineral  was  observed. 
Analysis  by  H.  N.  Stokes,  record  No.  1645.     P.  R.  C.  785. 

H.  Augite-latite,  Table  Mountain.  Called  ''basalt"  in  former  edi- 
tion. Contains  labradorite,  olivine,  augite,  and  magnetite.  Analysis 
by  Hillebrand,  record  No.  1273.     P.  R.  C.  724. 

I.  Augite-latite,  Table  Mountain,  near  Clover  Meadow.  Contains 
labradorite,  augite,  olivine,  magnetite,  apatite,  and  glass.  Analysis 
by  Greorge  Steiger,  record  No.  1697. 
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Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO**  ... 
H,0  above  110*' 
TiO, 

PA 

ZrO, 

VA 

MnO 

SrO 

BaO 

LijO 

CO, 

a 

F 

C 

FeS, 
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62.33 

17.30 

3.00 

1.63 

1.05 

3.23 

4.21 

4.46 

.44 

.75 

1.05 

.29 

.04 

.01 

.08 

.05 

.24 

trace 


.11 
.06 

100.33 


G. 


59.43 

16.68 

2.54 

3.48 

1.84 

4.09 

3.72 

.5.04 

.27 

.72 

1.38 

.58 

.08 


trace 

trace 

.14 

none 


.05 
trace 


100.04 


H. 


56.19 

16.76 

3.05 

4.18 

3.79 

6.53 

2.53 

4.46 

.34 

.66 

.69 

.55 


.10 
trace 

.19 
trace 


100.02 


I. 


56.78 

16.86 

3.56 

2.93 

3.41 

6.57 

3.19 

3.48 

.15 

1.21 

1.15 

.42* 


none 


trace 
.18 


99.89 
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J.  Amphibole-gabbro,  Beaver  Creek,  Big  Trees  quadrangle.  Con- 
tains labradorite  and  amphibole,  with  a  little  pyrite  and  pyrrhotite. 
Analysis  by  H.  N.  Stokes,  record  No.  1762. 

K.  Amphibole  separated  from  J.  Analysis  by  William  Valentine, 
record  No.  1733. 

L.  Olivine-gabbro,  just  east  of  south  end  of  Phoenix  reservoir. 
Contains  plagioclase,  a  few  grains  of  alkali  feldspar,  augite,  rhombic 
pyroxene,  amphibole,  olivine,  magnetite,  and  iron  sulphide,  with  a 
little  secondary  chlorite  and  epidote.  Analysis  by  H.  N.  Stokes, 
record  No.  1760. 

For  description  of  J  and  K  see  Turner,  Amer.  Jour.  Sci.,  4th  series, 
vol.  7.  p.  294.     The  description  of  L  is  hitherto  unpublished. 
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FeO 

MgO 

CaO 
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K,0 

H,OatllO°.... 

H,0  above  IW 

TiO, 
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CI 


J. 

47.27 

20.82 

1.85 

4.26 

6.44 

13.02 

2.75 

.22 

.08 

1.27 

.92 

.74 

.02 

trace 

trace 

trace 

none 


.20 
trace 

99.86 


K. 


46.08 

10.52 

2.81 

8.30 

14.40 

12.64 

1.62 

.34 

.17 

1.97 

.77 

.18 

.04 


.15 


none 


99.99 


L. 


43.41 

23.15 

3.72 

4.39 

7.65 

14.27 

.82 

.22 

.18 

1.53 

.39 

.02 


none 
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trace 
.10 
.14 

trace 


100.07 
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12;    MARIPOSA  COUNTY. 

Rocks  collected  by  H.  W.  Turner,  and  partly  described  in  his  papers 
in  the  14th  and  I7th  Annuals.     Additional  data  supplied  by  Turner. 

A.  Soda-granulite  or  aplite,  about  4  miles  west  of  Mariposa.  See 
17th  Ann.,  Part  I,  p.  721.  Contains  plagioclase  (albite?)  and  micro- 
pegmatite,  with  less  epidote,  quartz,  sphene,  and  apatite.  Analyses 
by  W.  F.  HiDebrand,  record  No.  1461.     P.  R.  C.  748. 

B.  Micropegmatite,  Agua  Fria  Creek.  See  17th  Ann.,  Part  1,  p. 
691.  Contains  quart^  plagioclase,  brown  mica,  epidote,  and  a  little 
iron  ore.     Analysis  by  Hillebrand,  No.  1461.     P.  R.  C.  746. 

C.  Soda-granite-porphyry,  Merced  River,  below  the  mouth  of  the 
north  fork.  Published  in  17th  Ann.  Contains  feldspar,  largely  albite, 
hornblende,  muscovite,  abundant  epidote,  apatite,  and  a  little  iron  ore. 
Analysis  by  George  Steiger,  record  No.  1673.     P.  R.  C.  774. 

D.  Granite-porphyry,  about  one-fourth  of  a  mile  north  of  Lake 
Tenaya,  Yosemite  National  Park.  See  14th  and  17th  Annuals.  Con- 
tains orthoclase,  quartz,  plagioclase,  and  biotite,  with  a  little  iron  ore 
and  sphene.     Analysis  by  Hillebrand,  record  No.  1432.     P.  R.  C.  726. 

E.  Granite,  west  of  Lake  Tenaya,  Yosemite  National  Park.  See 
14th  and  17th  Annuals.  Contains  quai*tz,  orthoclase,  plagioclase,  and 
biotite,  with  some  hornblende,  iron  ore,  sphene,  and  apatite.  Analysis 
by  HiDebrand,  No.  1432.     P.  R.  C.  726. 
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trace 
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trace 
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15.57 

1.07 
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.89 

l.a5 
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3.30 
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trace 

trace 
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trace 
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66.28 

16.03 

1.80 

1.88 

1.12 

3.75 

4.10 

3.49 

.10 

.39 

.54 

.30 

.05 

trace 
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trace 


99.91 
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F'.  Amphibole-biotite  granite,  Nevada  Falla  trail,  Yosemite  Valley. 

'ntains  alkali  feldspar,  plt^tocla^^e,  quartz,  amphibole,  biotite,  mag- 

itite,  and  apatite. 

G.  Biotitc-^'nuiiti',  base  of  EI  Capitao,  Yosemite  Valley.  Contains 
Ikali  feldspar,  plagioclase,  quartz,  biotite,  titftoite,  apatite,  and  iron 
>xides.' 

H.  Brown  mica  separated  from  G. 

Analyses  F,  G,  and  H  by  William  Valentine,  Tex-ord  Nos.  1732, 1733. 

I.  AuiphiNilo  separated  from  quartz-monzonite,  Tioga  road,  south- 
east of  Mount  Hoffman.     Sp.  gr.  3.208,  2.15^' 

J.  Mica  separated  from  the  same  rock  as  I.     Sp.  gr.  3.05,  21*^. 

Analyses  I  and  J  by  W.  F.  Hillebrand,  record  No.  1774. 

Samples  G  to  J  are  described  by  Turner  in  Amer.  Joum.  Sci.,  4th 
series,  vol,  7,  p.  394. 
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K.  Quartz-mica-diorite,  Chowchilla  River.  See  17th  Ann. ,  Part  I,  p. 
691.  Contains  plagioclase,  quartz,  a  little  orthoclase  (?),  brown  mica, 
hornblende,  rather  abundant  apatite,  a  little  iron  ore;  one  zircon-like 
crystal  was  noted.  Analysis  by  W.  F.  Hillebrand,  record  No.  1461. 
P.  R.  C.  746. 

L.  Quartz-mica-diorite,  Yaqui  Creek.  For  the  Ekiucational  Series 
of  Rocks.  Contains  plagioclase,  quartz,  biotite,  hornblende,  a  little 
pyroxene,  iron  ore,  and  apatite.  Analysis  by  George  Steiger,  record 
No.  1643.     P.  R.  C.  135.     Described  by  Turner  in  Bull.  160,  p.  339. 

M.  Diabase,  dike  li  miles  northeast  of  Hornitos.  See  17th  Ann., 
Part  I,  p.  694.  Contains  plagioclase,  partly  labradorite,  augite,  brown 
hornblende,  and  iron  ore.  Analysis  by  Hillebrand,  No.  1461.  P.  R.  C. 
760. 

N.  Igneous  rock,  near  Cathay  Hill.  See  17th  Ann.,  Part  I,  p.  694. 
Contains  two  minerals  unidentified;  neither  is  olivine.  Analysis  by 
Hillebrand,  No.  1461.    P.  R.  C.  749. 
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trace 
trace 


100.12 


58.09 

17.46 

1.12 

5.08 
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trace 
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O.  Feldspathic  mica-schist,  Chowchilla  River.  See  17th  Ann.,  Part 
I,  p.  691.  Contains  quartz,  feldspar,  biotite,  muscovite,  apatite,  and 
specular  iron.  Analysis  by  W.  F.  Hillebrand,  record  No.  1461.  P. 
R.  C.  744. 

P.  Andalusite-hornfels,  Yaqui  Gulch.  Principally  quartz,  andalu- 
site,  brown  and  white  n^ica,  black  graphite-like  graths,  a  little  iron 
ore,  and  probably  feldspar.  Analysis  by  George  Steiger,  record  No. 
1643.     Described  by  Turner  in  Bull.  160,  p.  342.     P.  R.  C.  136. 

Q.  Andalusite-schist,  Chowchilla  River.  See  17th  Ann.,  Pai-t  1,  p. 
691.  Contains  quartz,  biotite,  andalusite,  sericite,  a  little  muscovite, 
probably  graphite,  iron  ore,  a  few  garnets,  and  apparently  chlorite. 
Analysis  by  Hillebrand,  No.  1461.    P.  R.  C.  743. 

R.  Chiastolite-schist,  Yaqui  Gulch.  Contains  chiastolite,  sillima- 
nite,  brown  mica,  sericite  (?),  probably  graphite,  and  clear  grains  which 
appear  to  be  quartz  and  feldspar.  Analysis  by  Steiger,  No.  1643. 
Described  by  Turner  in  Bull.  160,  p.  342.     P.  R.  C.  136. 

S.  Hornf  els,  Agua  Fria  Creek.  See  17th  Ann. ,  Part  I,  p.  691.  Con- 
tains quartz,  brown  mica,  iron  ore,  and  plagioclase.  Analysis  by 
Hillebrand,  No.  1461.     P.  R.  C.  747. 
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3.17 

3.46 

.19 

.91 

.51 

.05 

.08 

trace 

.09 

trace 


.15 


100.03 


P. 


65.10 

17.77 

1.95 

3.29 

1.43 

1.38 

2.25 

2.45 

.47 

2.49 

.72 

.14 

none 

none 

none 

none 

.03 

trace 

.12 

1.21 


100.80 
.06 

100.74 


64.28 

17.28 

1.10 

5.34 

2.57 

1.19 

.91 

2.93 

.20 

2.72 

.65 

.27 

.09 

trace 

.10 

trace 


62.15 
19.34 
4.23 
2.25 
1.88 
1.^ 
1.60 
3.07 

.19 
1.79 

.80 

.15 
trace 
none 

.04 
none 

.13 
none 

.22 
1.12 


S. 


68.27 

14.03 

.46 

4.68 

2.23 

3.89 

2.29 

3.a5 

.08 

.98 

.57 

.21 

.04 

trace 

.08 

trace 
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13.    THE  QUIOKSniVER  BEGION. 

Bocks  described  by  Becker  in  Mon.  XIII.  Analyses  made  by 
W.  H.  Melville  in  the  San  Francisco  laboratory.  With  one  exception 
(the  serpentine  from  New  Idria)  all  the  rocks  are  from  the  districts 
north  of  San  Francisco. 

A.  Pseudo-diabase,  near  Mount  St.  Helena.  Contains  augite,  horn- 
blende, oligoclase,  albite,  zoisite,  ilmenite,  leucoxene,  and  a  little 
chlorite. 

B.  Pseudo-diabase,  Sulphur  Bank.  Contains  oligoclase,  a  littje 
quartz,  pyroxene,  hornblende,  ilmenite,  sphene,  serpentine,  and 
chlorite. 

C.  Pseudo-diorite,  Knoxville.  Mainly  actinolite,  with  a  little  white 
mica,  chlorite,  serpentine,  sphene,  rutile,  and  zircon. 

D.  Glaucophane-schist,  Sulphur  Bank.  Mainly  glaucophane  and 
zoisite.     Quartz,  albite,.  muscovite,  and  sphene  are  also  present. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HiOatlOO** 

H,0  above  100° 
TiO, 

PA 

Cr,0, 

MnO 

NiO 


A. 


49.08 

14.68 

1.95 

9.63 

6.69 

10.09 

4.60 

.20 

.27 

1.18 

1.72 

.23 


.15 


100.47 


B. 


51.28 

15.05 

2.42 

8.01 

6.07 

7.08 

4.43 

.12 

.39 

2.96 

1.33 

.13 


.25 
.10 


99.62 


c. 


50.44 

8k  18 

1.06 

6.29 

17.63 

11.55 

2.98 

.50 

.07 

.92 


.48 
.21 


D. 


100.31 


49.68 

13.60 

1.86 

8.61 

6.26 

10.97 

3.09 

.12 


3.84 

1.31 

.21 


.04 


99.59 
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E.  Andesitic  obsidian,  Clear  Lake.     Shows  grains  of  plagioclase, 
augite,  and  hypersthene.     Sp.  gr.  2.391. 

F.  Andesite  (asperite),  Clear  Lake.     Contains  pyroxene,  plagioclase, 
magnetite,  and  sometimes  biotite.    Pyroxene  mostly  rhombic    Sp.  gr. 

2.664. 

G.  Obsidian,  south  of  Borax  Lake.     Sp.  -gr.  2.390. 

H.  Basalt,  south  of  Bums  Valley.     Rich  in  olivine,  with  a  microlitic 
groundmass  of  plagioclase  and  augite.     Sp.  gr.  2.380. 
I.  Ordinary  basalt,  BLnoxville. 


E. 

F. 

G. 

H. 

I. 

SiO, 

74.01 
12.95 

65.43 

17.10 

2.39 

1.19 

1.48 

3.88 

3. 66 

2.83 

.20 

.36 

.83 

trace 

75.40 
7.72 
1.41 

57.37 

15.66 

2.06 

4.46 

8.84 

4.94 

3.05 

1.51 

.61 

.12 

.60 

-     .02 

} 
} 

51.66 
11.22 

7.62 

13.61 

7.72 

5.98 

.89 

1.06 

trace 

ALO, 

Fe,0. 

FeO 

1.42 

.48 

.99 

5.34 

4.65 

MffO 

1.26 
1.55 
8.09 
4.52 

1        .43 

CaO 

Na,0 

K,0 

H,OatlOO*» 

H,0  above  lOO** 

TiO, 

.29 
.24 
.01 

P.Oft 

Cr-Os 

.25 
.12 

MnO :.. 

trace 

.70 
.20 

.12 

.27 
.41 

NiO 

CI 

.07 

.12 

100.45 

100.25 

100.62 

99.92 

100.13 

J.  Light-green,  marmolitic  serpentine.  New  Idria. 

K.  Black  serpentine,  Sulphur  Bank. 

L.  Light-green  serpentine.  Sulphur  Bank. 


SiO,.. 
AlA 

FeO.. 
MgO. 
H,0.. 

Cr,0,. 
MnO. 

NiO.. 


J. 


41.54 

2.48 

1.37 

40.42 

14.18 


.04 


\ 


100.03 


39.64 

1.30 

7.76 

37.13 

13.81 

.29 

.12 

.33 


\ 


100.38 


41.86 

.69 

4.15 

38.63 

14.16 
.24 
.20 

trace 
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14.   MOUNT  DIABLO. 

Described  by  Turner  and  Melville  in  Bull.  Geol.  Soc.  Amer.,  vol.  2, 
pp.  883-414.  Analyses  by  W.  H.  Melville.  Those  with  record  num- 
bers were  made  in  the  Washington  laboratory;  the  others  were  made 
in  the  laboratory  at  San  Francisco. 

A.  Diabase,  Mitchell  Canyon.  Composed  of  augite,  plagioclase,  and 
ilmenite,  with  uralite  and  chlorite  secondary. 

B.  The  same  rock,  partly  altered  and  partly  uralitic.  Called  ^^dia- 
base-diorite  "  by  Turner. 

C.  PVroxenite,  near  Bagley  Creek.  Composed  of  bronzite  and 
diallage.  Equivalent  to  the  websterite  of  North  Carolina.  P.  R. 
C,  736. 

D.  Glaucophane-schist,  Pine  Canyon.  Contains  numerous  cinna- 
mon garnets. 

A,  B,  and  C  have  the  record  No.  1247. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oatl05*».... 
H,0  above  105' 
TiO, 

PA 

CrA 

NiO 

MnO.... 


52.06 

14.34 

2.11 

7.74 

9.26 

S.05 

1.74 

.73 

.59 

2.90 

.47 

.13 


trace 


100.12 


B. 


51.58 

14.99 

2.04 

8.36 

6.51 

8.59 

3.08 

.31 

.34 

2.67 

1.05 

.24 


trace 


99.76 


c. 


53.25 
2.80 

.69 

5.93 

19.91 

16.22 

.19 
trace 

.05 

.24 


.54 
.07 
.09 

99.98 


D. 


47.84 

16.88 

4.99 

5.56 

7.89 

11.15 

3.20 

.46 

.17 

1.81 


.14 


.56 


100.65 
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E.  Crystalline  gabbro,  Bagley  Creek.     Contains  plagioclase  and 
diallage.     Record  No.  1166. 

F.  Shaly  gabbro.     Friable,  containing  carbonates  and  sulphates. 
Somewhat  resembles  serpentine. 

6.  Shaly  gabbro,  like  F,  much  resembling  a  true  serpentine. 
According  to  Turner,  F  and  G  are  merely  weathered  layers  of  the 
gabbro. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0atl05°.... 
H,0  above  lOS** 

PA 

NiO 

MnO 

CO, 

SO, 

Organic  matter. 


E. 


47.49 

15.81 

1.07 

4.60 

10.39 

15.63 

1.16 

trace 

1.20 

1.83 

trace 

.06 

.41 


99.46 


F. 


45.43 
12.65 


6.60 

13.41 

12.39 

1.71 

.11 

2.41 

2.74 

.04 


.21 
2.36 

.24 
trace 

100.09 


o. 


45.69 

13.30 

1.86 

4.72 

13.06 

13.60 

1.36 

trace 

2.29 

2.47 

.06 


.24 

1.89 

.43 


100.86 
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The  following  analyses  are  of  serpentines  derived  from  a  peridotite- 
pyroxenite  dike: 

H.  Almost  black.     Possibly  derived  from  adjacent  shale. 
I.  Almost  black.     Derived  from  pyroxenite. 
J.  Bastite.     Derived  from  pyroxenite.     Record  No.  1166. 
K.  Friable  serpentine. 


SiO, w 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatlOO*» 

H,0  above  lOO** . . . 

PA 

CrA 

NiO 

MnO 


H. 

I. 

J. 

K. 

38.53 

40.50 

36.67 

36.96 

14.65 

.78 

.96 

.39 

2.65 

4.01 

7.29 

5.00 

4.01 

2.04 

.37 

2.34 

21.79 

37.43 

40.27 

33.84 

3.13 

.39 

.14 

3.81 

.07 

.28 

.31 

.34 

.88 

.16 

trace 

.14 

4.51 

2.81 

.94 

2.16 

9.56 

10.94 

12.43 

14.02 

trace 
trace 

trace 
.41 

.02 

.78 

.33 

trace 

.11 

.31 

trace 

.32 

.13 

.10 

.09 

100.00 

99.99 

100.01 

99.89 

Accidental  organic  matter  was  deducted  from  analyses  H  and  I,  with  subsequent 
recalculation  of  the  data  to  100  per  cent. 
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L.  Serpentine. 

M.  Talc-like,  yellowish-green  serpentine. 

N.  Weathered  serpentine. 

O.  Olive  colored,  probably  serpentine. 

Samples  H,  I,  aad  J  are  from  near  Bagley  Creek;  K^  L,  M,  and  N 
from  near  Arroyo  del  Cerro;  O  from  Ferg^uson  ravine.  M  and  O 
carry  considerable  chromite. 


SiO,  

AlA 

Fe,0, 

FeO 

MgO 

CaO..: 

Na,0 

K,0 

H,OatlOO*».,. 

H,0  above  100* 

PA 

CrA 

NiO 

MnO 

SOs 


d4«  o4 

.42 

6.08 

1.85. 

30.74 

7.02 

.42 

..07 

1.67 

15.72 

.04 

.68 
trace 

.01 


M. 


32.27 

11.45 

trace 

5.05 

33.30 

.41 
trace 
trace 

.44 

12.40 

trace 

5.19 

.19 
trace 


99.56 


100.70 


N. 


41.52 
1.57 
3.50 
1.07 

36.84 
.44 


3.32 
12.51 


.29 


101.06 


o. 


30.98 

1.04 

4.88 

2.01 

38.44 

.22 

.40 

.16 

.39 

20.43 

trace 

.34 


.42 
.44 

100.15 
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15.    MISCELLANEOUS  ROCKS. 

A.  Rhyolitic  obsidian,  Medicine  Lake,  Modoc  County.  Collected 
by  J.  S.  Diller,  who  reports  it  to  be  a  banded  obsidian,  containing  a 
few  minute  feldspar  crystals.  The  banding  is  due  to  a  multitude  of 
trichites.    Analysis  by  L.  G.  Eakins,  record  No.  1072. 

B.  Tuff  from  Hyampom,  south  fork  of  Trinity  River,  Trinity  County. 
Almost  wholly  made  up  of  particles  of  clear  glass.  (Collected  and 
described  by  Diller.    Analysis  by  George  Steiger,  record  No.  1427. 

C.  Diabase-porphyrite,  one-half  mile  west  of  Browns  Valley,  Yuba 
County.  Collected  and  described  by  W.  Lindgren.  Contains  augite, 
plagioclase,  magnetite,  chlorite,  and  epidote.  Analysis  by  W.  F.  Hil- 
lebrand,  record  No.  1419. 

D.  Amphibolitic  schist,  1  mile  northeast  of  Browns  Valley,  Yuba 
County.  Collected  and  described  by  W.  Lindgren.  From  metamor- 
phosis of  C.  Contains  chiefly  green  hornblende  and  feldspar.  Analy- 
sis by  Hillebrand,  No.  1419. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatlOO**.... 
H,0  above  100*» 
TiO, 

PA 

MnO 

SiO 

BaO 

Li,0 

CO, 


A. 


} 


73.51 

14.42 

.46 

1.49 

.33 

1.26 

4.03 

4.29 

.40 


.04 
trace 


100.23 


B. 


70.40 

13.50 

1.31 

1.61 

.37 

.56 

2.11 

2.39 

1.05 

7.41 


.08 
trace 


100.79 


48.26 

14.83 

3.27 

5.97 

8.77 

11.38 

1.57 

1.13 

.10 

3.37 

.51 

.25 

.15 

trace 

.05 

trace 

1.24 

100.85 


D. 


54.13 
14.53 

1.50 

5.25 
10.93 

4.91 

3.53 
.32 
.20 

4.01 
.46 
.09 
.15 

trace 
.02 

none 


100.03 
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E.  Basalt,  base  of  a  lava  flow,  east  of  the  head  of  the  San  Joaquin 
River,  Madera  County.  Description  supplied  by  Turner.  Hitherto 
unpublished.  Contains  pyroxene,  partly  augite,  plagioclase,  olivine, 
and  iron  ores.     Analysis  by  W.  F.  Hillebrand,  record  No.  1767. 

F.  Olivine-basalt,  west  peak  of  the  Dardanelles,  Alpine  County. 
Described  by  Ransome  in  Bull.  89.  Contains  olivine,  largely  altered 
to  iddingsite,  plagioclase,  serpentine,  and  augite.  Analysis  by  Greorge 
Steiger,  record  No.  1697. 

6.  Mica  separated  from  quartz-monzonite,  near  Bloods  Station, 
Alpine  County.  Described  by  Turner  in  Amer.  Joum.  Sci.,  4th  series, 
vol.  7,  p.  294.     Analysis  by  William  Valentine,  record  No.  1736. 


SiO, 

AiA 

Fe,Os 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0,  atl05° 

H,0,  above  105° 

TiO, 

PA 

ZrO, 

MnO 

NiO 

SrO 

BaO 

Li,0 

00, 


£. 


51.89 

15.28 

3.10 

3.60 

8.68 

7.38 

3.27 

2.57 

1.17 

1.37 

.91 

.61 

trace 

.12 

.02 

.09 

.15 

trace 

none 

100.21 


F. 


48.76 

16.60 

5.60 

5.01 

6.93 

8.79 

2.47 

.66 

1.49 

2.19 

1.26 

.19 


none 


trace 


.42 


100.37 


O. 


35.62 

16.24 

4.69 

13.67 

12.70 

.95 

.50 

7.72 

.94 

4.36 

2.61 


trace 
.2 
tnu 


100 
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EL  Scoriaceous  rhyolite,  Mono  Craters,  south  of  Mono  Lake. 
Described  by  Russell  in  8th  Ann.,  Part  I,  p.  380.  Analysis  by  T.  M. 
Chatard,  record  No.  36. 

1.  Obsidian,  Mono  Lake.  Analysis  by  W.  H.  Melville,  record  No. 
1346.     Described  by  Lindgren  in  Bull.  150,  p.  149.     P.  R.  C.  60. 

J.  Pumice,  Mono  Lake.  Analysis  by  Melville,  No.  1346.  Described 
by  Lindgren  in  Bull.  150,  p.  148.     P.  R.  C.  59. 

K.  Volcanic  ash,  east  shore  of  Owens  Lake.  Collected  and  analyzed 
by  Chatard,  record  No.  783. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO**..-. 
Bfi  above  110** 
TiO, 

PA 

MnO 

OaOO, 

l^aa,  soluble . . 
Na,804,  soluble 
N%OOs,  soluble 


H. 


74.05 
13.85 
trace 


} 


.07 

.90 

4.60 

4.31 

2.20 


99.98 


I. 


( 


75.78 

12.39 

.22 

1.25 

.31 

.81 

4.00 

4.64 

.41 


99.81 


( 


67.39 

15.99 

.56 

1.99 

.77 

1.63 

4.74 

4.80 

2.06 


99.93 


55.81 

10.07 

3.43 

.67 
2.22 
1.05 

.75 
2.98 

.65 
2.50 

.80 

.27 

.23 

14.44 

1.45 

.80 
2.09 

100.21 
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OREGON. 
1.    BASALT,   MOUNT  THIELSEN. 

Partly  described  by  Diller  in  Am.  Joum.  Sci.,  3d  series,  voL  28,  p. 
257.  A  hypersthene-basalt  containing  hypersthene,  olivine,  feldspar, 
and  magnetite.  In  the  printed  paper  only  the  analyses  of  the  ground- 
mass  and  the  fulgurite  formed  in  it  are  given. 

A.  Hypersthene-basalt. 

B.  Pyroxene. 

C.  D.  Feldspars. 

E.  Groundmass. 

F.  A  fulgurite,  or  lightning  tube. 

Analyses  A  and  F  by  F.  W.  Clarke,  record  Nos.  108,  105;  B,  C,  D, 
and  E  by  T.  M.  Chatard,  record  Nos.  135, 133, 134, 128.  These  analy- 
ses were  made  early  in  the  history  of  the  laboratory  and  are  by  no 
means  complete. 


A. 

B. 

C. 

D. 

E. 

F. 

SiO, 

55.68 

53.31 

55.48 

51.95 

55.85 

55.04 

A1,0, 

18.93 

5.99 

26.91 

28.84 

22.95 

> 

Fe,0, 

/       8.73 

/    13.43 

^      2.32 

\       2.24 

^      4.59 

28.99 

FeO 

^ 

MgO 

4.86 

21.69 

2.27 

1.34 

3.08 

5.85 

• 

CaO 

7.99 

3.69 

8:11 

11.42 

8.41 

7.86 

Na,0 

Kfi 

H,0 

TiO, 

2.12 
.48 

3.14 
.72 

3.22 
.59 

2.16 
2.67 

.60 

.  66 
.39 

.40 

trace 

.52 

1.11 

*  ^^j"  -  -  -  -  - 
P.Os 

trace 

*  l^'O*  "  •  »  "  » 

99.39 

98.11 

100.00 

100.00 

100.23 

98.85 

Iron  oxides  not  separated.  Analyses  B,  C,  D,  and  F  made  on  very  small  quantities 
of  material.  C  and  D  were  analyzed  by  the  hydrofluoric  acid  method,  and  the  silica 
was  determined  by  difference. 
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2.    PEBIDOTITE,  DOUGLA8   OOUNTY. 

The  matrix  of  the  nickel  silicate  at  Riddle.  Described  by  Diller  and 
Clarke  in  Bull.  60,  p.  21. 

The  rock,  which  may  be  classed  as  saxonite,  consists  essentially  of 
olivine  and  enstatite,  with  a  little  chromite  and  magnetite.  Olivine 
predominates,  and  the  enstatite  forms  less  than  one- third  of  the  mass. 
Quartz,  serpentine,  and  genthite  are  present  as  alteration  products. 
Analyses  by  F.  W.  Clarke,  record  Nos.  811,  814,  792. 

A.  The  fresh  rock.     P.  R.  C.  114. 

B.  Separated  olivine. 

C.  The  genthite  found  in  the  altered  rock.  Probably  derived  from 
olivine. 


SiO, 

A1,0, 

Fe,0,  ..... 

FeO 

MgO 

CaO 

HjOatllO* 
H,Oign... 

OA 

MnO 

NiO 


A. 


41.43 

.04 

2.52 

6.25 

43.74 

.55 


4.41 
.76 

none 
.^0 


99.80 


B. 


2.61 

7.20 

45.12 

none 


.57 

.79 

none 

.26 


99.36 


c. 


42.  81  44.  73 

I      1.18 


10.56 


8.87 
6.99 


27.57 


99.90 


3.    CRATER  LAKE. 


Bocks  collected  by  J.  S.  Diller.  Petrographic  data,  hitherto  unpub- 
lished, supplied  by  Horace  B.  Patton  for  all  except  the  last  rock  in 
the  series.  Analyses  A  to  J,  inclusive,  by  H.  N.  Stokes,  record  No. 
1671. 

A.  Vitrophyric  rhyolite,  south  edge  of  Llao  Rock  flow.  Contains 
plagioclase,  hypersthene,  hornblende,  and  apatite  in  a  glassy  ground- 
mass  crowded  with  augite  microlites. 

B.  Streaked  rhyolite,  near  "Wine  Glass"  Grotto  Cove.  Contains 
plagioclase,  hypersthene,  hornblende,  and  magnetite,  with  black  glass. 
A  few  small  inclusions  of  basalt  and  hypersthene-andesite. 

C.  Rhyolite,  small  dike  immediately  below  Llao  Rock.  Contains 
plagioclase,  hornblende,  hypersthene,  and  magnetite,  in  a  glassy 
groundmass  crowded  with  microlites  of  feldspar  and  axvgvte. 
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D.  Rhyolite,  water's  edge,  head  of  Cleetwood  Cove.  Contains  pla- 
gioclase,  hypersthene,  brown  hornblende,  and  magnetite,  in  a  feld- 
spathic  groundmass  of  trachytic  type. 

E.  Hypersthene^augite-andesite,  large  dike  transsecting  the  north- 
western portion  of  the  crater  rim.  Contains  plagioclase,  hypersthene, 
augite,  and  magnetite  in  a  groundmass  having  a  moderate  amount  of 
glass. 

F.  Hypersthene-augite-andesite,  west  edge  of  Wizard  Island.  Same 
minerals  as  E. 


A. 

B. 

c. 

D. 

E. 

F. 

SiO, 

70.77 

14.  S3 

1.35 

1.25 

.64 

2.12 

5.07 

2.68 

.07 

.33 

.38 

.13 

.05 

none 

.02^ 

.08 

trace 

.11 

68.17 

15.60 

2.31 

.94 

1.02 

2.76 

5.15 

2.46 

.09 

.45 

.54 

.13 

none 

none 

.03 

.06 

trace 

trace 

71.87 

14.63 

1.28 

1.02 

.48 

1.69 

5.08 

2.84 

.06 

.22 

.41 

.10 

.04 

none 

.03 

.08 

trace 

trace 

70.10 

15.18 

1.78 

1.09 

.74 

2.27 

5.15 

2.68 

.10 

.19 

.48 

.13 

.04 

none 

.03 

.08 

trace 

.03 

60.09 

17.85 

2.03 

3.46 

3.60 

6.28 

4.17 

1.31 

.12 

.26 

.54 

.23 

none 

.05 

.05 

.05 

trace 

trace 

69.38 

18.45 

1.79 

3.90 

3.13 

6.29 

4.29 

1.29 

.10 

.42 

.41 

.22 

none 

none 

.04 

.05 

trace 

trace 

A1,0, 

Fe.0, 

FeO 

MffO 

CaO 

Na,0 

K,0 

HjOatllO''... 
H,0  above  110° 
TiO, 

P.O. 

ZrOje 

NiO 

SrO 

BaO 

Li,0 

01 

99.88 

99.71 

99.63 

99.97 

99.98 

99.77 

Traces  of  manganese  in  all.     Fluorine  not  sought  for.     No  CO,,  S,  SOs,  or  CrtO, 
in  any. 

G.  Hypersthene-augite-andesite,  crater  rim,  just  south  of  ''The 
Watchman."    Same  minerals  as  F. 

H.  Hypersthene-augite-andesite,  Palisades,  under  Round  Top,  north- 
east portion  of  the  rim.  Contains  plagioclase,  hypersthene,  augite,  and 
magnetite. 

I.  Hypersthene-augite-andesite,  lake  level,  under  Llao  Rock.  Same 
minerals  as  H. 

J.  Basalt,  base  of  Red  Cone.  Contains  plagioclase,  augite,  olivine, 
and  magnetite,  with  some  glass  base. 
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K.  Basalt,  one  mile  east  of  the  summit  of  the  Cascade  Range,  on  the 
road  from  Fort  Klamath  to  Crater  Lake.  Described  by  J.  S.  Diller 
as  a  typical  basalt,  carrying  a  considerable  amount  of  hypersthene. 
Analysis  by  W.  F.  Hillebrand,  record  No.  408. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

OaO 

Na,0 

K,0 

H,OatllO°.... 
H,0  above  110° 
TiO, 

PA 

NiO 

MnO 

SrO 

BaO 

Li,0 

a 


0. 

H. 

I. 

60. 9S 

62.09 

58.41 

17.82 

17.03 

17.85 

1.83 

2.38 

2.67 

3.33 

2.69 

3.29 

2.76 

3.08 

3.61 

6.73 

5.65 

6.81 

4.26 

4.10 

3.77 

1.43 

1.67 

1.23 

.13 

.04 

.34 

.45 

.13 

.86 

.71 

.65 

.69 

.17 

.19 

.24 

none 

none 

none 

trace 

trace 

trace 

.05 

.07 

.05 

.06 

.07 

.05 

none 

none 

trace 

trace 

trace? 

trace 

99.71 

99.84 

99.87 

J. 


52.99 

16.71 

3.80 

3.55 

6.95 

8.49 

3.56 

1.29 

.18 

.59 

1.18 

.42 

.02 

trace 

.12 

.07 

none 

trace 


K. 


57.47 
18.86 
2.21 
4.08 
4.27 
7.42 
3.85 


.73 


}  • 


22 


.75 
.24 


.10 
.11 
.03 


99.92 


4.  ROCK  FROM  WILBUR,  DOUGLAS  COUNTY. 

A  tuff  partly  of  igneous,  partly  of  organic,  origin.  The  igneous 
matter  contains  a  few  grains  of  feldspar  and  augite,  with  particles  of 
a  rock  like  diabase.  The  organic  remains  are  partly  calcareous  and 
partly  siliceous.  Description  supplied  by  J.  S.  Diller.  Analysis  by 
H.  N.  Stokes,  record  No.  1737. 

SiO, 55.15 

Al,0,a 9.75 

Fe,Oa 7.76 

MgO 2.22 

CaO 10.48 

Na,0 1.00 

K,0 50 

H,OatllO*» 2.70 

H,0  above  llO'' 6.59 

00, 3.64 

99.79 

alDcludee  TiOj  and  P,Oft  if  present. 
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WASHINGTON. 

Rocks  from  the  Mount  Stuart  quadrangle,  Kittitas  County.  Col- 
lected by  George  Otis  Smith,  who  furnishes  the  petrographic  data. 
Hitherto  unpublished.  Analyses  A,  B,  C,  F,  and  G  by  H.  N.  Stokes, 
record  No.  1836;  D,  E,  H,  and  I  by  W.  F.  Hillebrand,  record  No.  1881. 

A.  Granodiorite,  south  slope  of  Mount  Stuart.  Contains  plagio- 
clase,  orthoclase,  hornblende,  biotite,  quartz,  and  magnetite. 

B.  Granodiorite,  ridge  between  Hardscrabble  and  Cascade  creeks. 
Contains  plagioclase,  orthoclase,  biotite,  hornblende,  quartz,  magne- 
tite, and  apatite. 

C.  Granodiorite-porphyry ,  dike  2  miles  west  of  Mount  StuaH.  Con- 
tains plagioclase,  biotite,  hornblende,  orthoclase,  and  quartz. 

D.  Serpentine,  Three  Brothers.  Derived  from  saxonite.  Contains 
serpentine,  bastite,  magnetite,  and  pyrite. 

E.  Metamorphic  rock,  head  of  Beverly  Creek.  Believed  to  be  de- 
rived from  an  inclusion  of  limestone  in  the  peridotite. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°.... 

H,0  above  110° 

TiO, 

PA 

CrA 

NiO 

MnO 

SrO 

BaO 

Li,0 

CO, 

S 

FeSjO 


A. 


64.04 

15.58 

1.26 

3.22 

3.23 

4.51 

4.01 

2.22 

.19 

1.17 

.69 

.16 

none 

none 

trace 

trace 

.11 

trace 

none 

trace 


100.39 


63.37 

15.90 

1.41 

3.18 

3.33 

4.63 

4.05 

2.10 

.18 

1.16 

.69 

.17 

none 

none 

trace 

none 

.06 

trace 

none 

trace 


100.23 


c. 


63.78 
16.39 
1.12 
2.76 
3.27 
4.07 
3.84 
2.03 

.22 
1.82 

.44 

.11 
none 
none 

.05 
trace 

.08 

trace 

none 

•  trace 


99.98 


D. 


} 


39.00 

1.75 

5.16 

1.71 

38.00 

trace 

.10 

1.31 

12.43 

trace 

trace 

.47 

.10 

.15 

none 

none 

none 

none 


.03 


100.21 


32.12 

.S2 

2.05 

3.50 

26.73 
1.81 

.06 

.43 

.98 

trace 

trace 

.27 

.08 

.14 

none 

none 


31.04 


none 


100.03 


a  Actual  condition  of  sulphur  not  known. 
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F.  Gabbro,  east  of  Beverly  Creek.  Contains  diallage  and  ''basic" 
plagioclase,  with  pyrite  and  serpentine  as  alteration  products. 

G.  Olivine-diabase,  Camas  Land.  Contains  augite,  olivine,  plagio- 
clase,  magnetite,  and  apatite. 

H.  Diabase,  dike  on  ridge  west  of  Turnpike  Creek.  Contains  pla- 
gioclase,  augite^  olivine,  magnetite,  and  apatite. 

I.  Basalt,  middle  fork  of  Teanaway  River.  Contains  augite,  plagio- 
i*Iase^  magnetite,  and  apatite,  with  a  glassy  base. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°.... 

H,0  above  110*^ 

TiO, 

PA 

CrA 

VA 

MnO 

NiO 

SiO 

BaO 

Li,0 

FeSa 

S 


48.58 

20.23 

1.26 

3.02 

7.59 

14.01 

2.25 

.19 

.28 

2.68 

.09 

trace 

trace 


trace 
none 
none 
none 
none 


.10 


100.25 


51.98 

15.99 

3.10 

5.88 

5.09 

9.68 

2.71 

.81 

.48 

2.08 

1.71 

.31 

none 


.10 
none 
none 

.03 
trace 


.01 


99.96  . 


57.21 

53.35 

12.99 

12.90 

3.28 

2.64 

10.18 

11.28 

1.59 

2.68 

5.97 

6.96 

3.07 

2.83 

1.61 

1.40 

.68 

.91 

1.03 

1.76 

1.72 

2.44 

.44 

.45 

none 

none 

none 

.04 

.24 

.25 

trace 

trace 

trace 

trace 

.06 

.05 

trace 

trace 

.13 

.13 

100.20 


100.07 


Bull.  168 15 
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ALASKA. 

Rocks  A  to  H,  inclusive,  were  collected  by  G.  F.  Becker,  who  fur- 
nishes the  petrographic  data.  A,  B,  C,  D,  F,  and  H  are  described  by 
Becker  in  the  18th  Ann.,  Part  3,  p.  7.  Analyses  by  Hillebrand,  record 
No.  1586. 

A.  Augite-bronzite-andesite,  Delarof  Harbor,  Unga  Island.  Green- 
ish black.  Contains  plagioclase,  near  labradorite,  with  much  smaller 
proportion  of  augite  and  bronzite,  in  a  groundmass  of  plagioclase,  with 
a  little  glass  and  much  light-green  indeterminate  material.     Contains 

0.04- V,0,- 

B.  Augite-bronzite-andesite,  St.  Augustine  Volcano,  Cook  Inlet. 

Purplish  gray.    Contains  labradorite,  augite,  and  bronzite,  in  a  ground- 
mass  of  plagioclase  and  magnetite. 

C.  Quartz-porphyry,  bed  of  Bear  Creek,  4  miles  from  its  mouth, 
Turnagain  Arm,  Cook  Inlet.  Resembles  D,  with  more  feldspar  and 
less  quartz. 

D.  Quartz-porphyry,  east  of  mouth  of  Indian  River,  Sitka,  Baranof 
Island.  Contains  plagioclase,  quartz,  a  little  pyroxene,  and  some  car- 
bonaceous matter,  with  secondary  quartz,  cAlcite,  and  muscovite. 

E.  Diorite,  head  of  Captains  Bay,  Unalaska  Island.  Contains 
plagioclase,  biotite,  hornblende,  chlorite,  magnetite,  and  sometimes 
tourmaline. 


SiO, 


c. 


Al^Os 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO^.... 
H,0  al)ove  110° 
TiOj 

PA-.. 

NiO 

MnO 

SiO 

BaO 

Li^O 

CO, 


FeSa 


56.  as 

16.85 

3.62 

3.44 

4.23 

7.53 

3.08 

2.24 

.80 

.51 

.67 

.16 

trace? 

.23 

trace 

.09 

trace 

none 


.06 


60.40 

16.89 

1.88 

3.72 

3.82 

7.25 

3.80 

.77 

.09 

.20 

.61 

.16 

.02 

.12 

trace 

.06 

trace 

none 


.08 


62.92 
14.29 

.84 
4.66 
3.14 
2.72 
4.30 
1.39 

.22 
2.84 

.84 

.13 
trace 

.15 
trace 

.10 

trace 

1.24 


.32 


D. 


65.94 

13.74 

.49 

5.21 

2.33 

2.87 

2.80 

1.63 

.21 

2.59 

.80 

.21 

trace? 

.11 

trac«? 

.12 

trace 

.59 

.20 

.41 


100.14 


^.%T 


\^.\^   \   \^.^ 


E. 


58.63 

16.23 

1.91 

4.20 

4.28 

6.59 

3.51 

2.09 

.15 

1.17 

.74 

.20 

.02 

.11 

trace 

.06 

trace 

none 


.04 


^.'^^ 


\ 
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F.  Diorite,  Earluk  Cliffs,  Kadiak  Island.  CJontains  labradorite  and 
hornblende,  with  subordinate  quartz,  biotitc,  and  magnetite. 

G.  Diorite,  Lane  and  Hay  ward  mine,  Silver  Bow  Basin.  Contains 
plagioclase,  biotite,  hornblende,  and  scattering  grains  of  quartz,  with 
secondary  chlorite,  epidote,  and  muscovite. 

H.  Diorite,  Treadwell  mine,  Douglas  Island.  Contains  plagioclase, 
mostly  albite,  with  secondary  quartz,  calcite,  and  pyrite,  the  latter 
apparently  replacing  f  erromagnesian  silicates.     Contains  0.01  VjO,. 

I.  Homblende-andesite,  Bogoslof  Island.  Described  by  Merrill  in 
Proc.  U.  S.  National  Museum,  vol.  8,  p.  31.  Contains  hornblende, 
augite,  plagioclase,  tridymite,  grains  of  iron  ore,  a  little  apatite,  and 
probably  sanidine.     P.  R.  C.  315. 

J.  Like  I,  but  darker  colored.  Contains  more  hornblende,  no  glass, 
and  little  or  no  tridymite.  Same  locality,  also  described  by  Merrill. 
Analyses  I  and  J,  by  T.  M.  Chatard,  record  Nos.  209,  210.  P.  R.  C. 
316. 


SiOj 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°.... 
H,0  above  110° 
TiO, 

PA 

NiO 

MnO 

SrO 

BaO 

Li,0 

CO, 

FeS, 


61.58 

15.89 

2.19 

5.50 

2.69 

6.49 

3.04 

.51 

.16 

1.26 

.63 

.12 

trace  ? 

.20 

trace  ? 

.06 

trace 

none 

.06 

100.  38 


54.20 

15.86 

3.32 

4.14 

3.51 

5.  32 

3.  28 

3.30 

.55 

2.40 

1.35 

.68 

.02 

.19 

.04 

.41 

trace 

1.45 

.26 

100.28 


u. 


63.01 

18.48 

.06 

.32 

.06 

2.66 

10.01 

.39 

.a5 

.27 

.13 

.06 

none 

.06 

trace 

.02 

none 

2.01 

2.10 

99.69 


} 


I. 

56.07 
19.06 
5.39 
.92 
2.12 
7.70 
4.52 
1.24 

.99 

1.24 
.16 


23 


} 


51.54 
20.31 
4.64 
3.56 
3.16 
9.55 
4.29 
2.47 

.34 

.32 
.57 


32 


99.64 


101. 07 
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Bocks  K  to  S.  Collected  by  J.  E.  Spurr,  who  furnishes  the  petro- 
graphic  notes.  All  but  S  are  to  appear  in  the  21st  annual.  Analyses 
by  Stokes,  record  Nos.  1809  and  1822. 

K.  Alaskite,  Chilkoot  Pass.  Dike  in  granite.  Contains  quartz, 
orthoclase,  and  some  twinned  feldspars,  accessory  zircon,  actinolite, 
magnetite,  and  siderite. 

L.  Alaskfte-porphyry ,  Fortymile  Creek,  near  Canyon  Creek.  Dike. 
Contains  quartz,  orthoclase,  and  some  plagioclase,  with  accessory  bio- 
tite  and  epidote. 

M.  Alaskite,  Skwentna  River,  12  miles  above  its  mouth.  Dike. 
Contains  quartz,  orthoclase,  and  microcline,  with  no  dark  minerals. 

N.  Alaskite,  Tordrillo  Mountains.  Dike.  Consists  of  quartz,  ortho- 
clase, and  microcline,  with  no  dark  minerals. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K^O 

HjOatllO''.... 
H,0  above  110° 

TiO, 

BaO 

SrO 

Li,0 


K. 

L. 

76.30 

67.01 

12.50 

17.91 

1       1.47 
1 

1.30 

none 

.42 

.17 

1.86 

3.86 

5.33 

4.67 

4.56 

.18 

.16 

.32 

.48 

.05 

.10 

.07 

.60 

none 

.13 

none 

none 

99.59 

99.86 

M. 

75.01 

13.88 

.74 

.09 

1.00 

3.52 

4.89 

.11 

.26 

.06 

.10 

trace 

trace 


99.66 


77.33 

12.55 

.91 

.10 

.17 

3.19 

4.80 

.15 

.53 

.09 

trace 

trace 

trace 


99.82 


In  K  to  N  there  are  traces  of  PjOj  but  no  CX),.     Manganese  is  also  present  in 
traces. 
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O.  Andesite-oligoclase-scapolite-biotite  rock,  Skwentna  River, 
miles  above  its  moutti.     Dike.     Essential  constituents  andesine-olig 
slase,  scapolite,  and  biotite,  witti  accessory  apatite  and  zircon. 

P.  Augite-belugite,  Skwentna  River,  near  Hiiyes  River.  Dike.  Coi 
iains  essential  feldspar,  intermediate  between  andesine  and  labradorite 
lugite,  and  some  hornblende.     Also  a  considerable  amount  of  pyrite. 

Q.  Tordrillite,  Tordrillo  Mountains.  Dike.  Contains  phenocryste 
)f  quartz,  orthoclase,  anorthoclase,  and  anorthoclase-albite.  Ground- 
nass  consists  of  quartz  and  orthoclase.  No  dark  minerals  except  very 
unall  quantities  of  secondary  hornblende. 

R.  Augite-aleutite,  near  Kalinai  Pass,  Aleutian  Peninsula.  Lava. 
Chiefly  labradorite,  tending  toward  andesine,  with  a  considerable 
unount  of  pale-green  augite. 

S.  Tonalite-aplite,  Yukon  River,  above  Fort  Hamlin.  Dike.  Con- 
sists essentially  of  quartz  and  soda-lime  feldspars. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°.... 
H,0  above  110'' 
TiO, 

PA 

MnO 

BaO 

8rO 

Li,0 

:x), 

Ha) 

1 


0. 

P. 

Q. 

62.78 

50.23 

75.84 

17.16 

19.46 

13.38 

1.96 

4.21 

1       1.45 

2.31 

4.20 

2.32 

3.59 

.10 

4.84 

10.39 

.07 

4.11 

3.08 

3.33 

2.15 

1.32 

4.73 

.24 

.16 

.18 

.88 

1.01 

.71 

.56 

1.30 

.09 

.15 

.41 

trace 

.06 

.07 

trace 

.04 

.04 

trace 

trace 

trace 

trace 

trace 

trace 

trace 

none 

.25 

none 

.02 
trace 

.02 

99.58 

99.74 

99.88 

R. 


56.03 

18.31 

3.47 

4.42 

3.64 

7.43 

3.60 

1.18 

.12 

.31 

1.24 

.13 

.11 

trace 

trace 

trace 

none 

trace 


s. 


99.99 


74.79 

12.59 

1.19 


I 


.31 
3.58 
5.10 

.21 

.09 
1.03 

.17 
trace 
trace 
none 
none 
none 

.58 


99.64 


u  Whether  S  or  SOj  was  not  determinecL 
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BRAZIL. 

A  kyanitic  schist  from  Serra  do  Gigante,  near  Diamantina,  was 
analyzed  at  the  request  of  Prof.  O.  A.  Derby,  who  describes  the  rock 
in  Amer.  Joum.  Soi.,  4th ser.,  vol.  7,  p.  343.  Analysis  by  Hillebrand, 
record  No.  1783.  Contains  kyanite,  chlorite,  sericite,  quartz,  and 
rutile. 

A.  Bulk  analysis  of  the  schist. 

B.  Portion  soluble  in  hydrochloric  acid. 

C.  Portion  soluble  in  strong  sulphuric  acid. 

D.  Re^due  insoluble  in  sulphuric  acid. 

The  bracketed  figures  are  deduced  from  other  columns  than  the  one 
in  which  they  appear. 


SiO, 

AlA 

Fe,0,  .... 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0  at  105 
H,0  above 
TiO, 

PA 

ZrO,  ..... 
CoO,  NiO . 

MnO 

SiO 

Li,0 

S 

F 


A. 

B. 

c. 

D. 

38.32 

28.16 

2.24 

4.02 

12.04 

.32 

.16 

1.11 

•      .55 

7.46 

4.93 

.47 

.09 

.04 

.16 

trace 

trace 

trace 

trace? 

10.78 
10.42 
[1. 78] 
[3. 21] 
9.34 
.34 
[.03] 
.26 
[.55] 
5.36 
.10 
.47 
trace 

(7) 

(?) 

(7) 
trace 

14.76 
14.77 
[2.24] 
[4. 02] 
[12.04] 
..S2 
[03] 
[.26] 
[.55] 
6.80 
.20 
.47 

(?) 
[.04] 

[.16] 

(?) 
tra<!e 

[23.56] 

[13. 39] 

none 

none 

none 

• 

.13 
.85 

o 

105° 

.66 
[4.  73] 

[.09] 

trace 

100.07 

42.64 

56.66 

43.41 

cuuuEm] 
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STONY  METEORITES. 

1.    ROCKWOOD,  TENNESSEE. 

From  the  Crab  Orchard  Mountains,  Cumberland  County,  Tennessee, 
about  8i  miles  west  of  Rockwood.  Analyzed  by  J.  E.Whitfield,  record 
No.  735,  and  described  by  him  in  Bull.  60,  p.  103. 

A.  Analysis  of  the  material  as  a  whole. 

B.  Nickel-iron  separated.     Forms  not  over  16  per  cent  of  the  mass. 

C.  Nodule  from  meteorite. 

D.  Portion  of  nodule,  94  per  cent,  insoluble  in  hydrochloric  acid. 
May  be  enstatite. 

The  stony  part  of  the  meteorite  appears  to  be  mainly  pyroxene  and 
anorthite.  FcjO,  was  not  determined,  and  FeO  represents  the  total 
iron  oxide. 


A. 

B. 

c. 

D. 

SiO, 

ALO, 

41.92 
9.27 

22.94 
9.09 
8.76 
3.75 
1.74 

trace 

trace 

.65 

1.58 

.18 

49.96 
4.75 

15.97 
1.15 

28.15 

51.85 
4.52 

13.26 
1.09 

29.28 

A&mj-wjl  ......................... 

FeO 

• 

C^O 

MffO 

MB^Vy      ......................... 

Fe 

87.59 
12.09 
trace 
trace 

Ni 

Co 

Cu 

P 

8 

a 

99.68 

100.00 

99.88 

99.98 
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2.    HAMBLEN  OOUNTT,  TENNESSEE. 

• 

Mass  of  about  half  and  half  stone  and  iron  found  about  6  mil 
WSW.  of  Morristown.  Analyzed  by  L.  6.  Eakins,  and  described 
Bull.  118,  p.  61. 

A.  The  nickel-iron. 

B.  The  part  of  the  stony  portion  soluble  in  hydrochloric  acid ;  87. 
per  cent,  recalculated  to  100,  with  sulphur  deducted. 

C.  Insoluble  part  of  the  stony  portion;  62.10  per  cent,  recalculat 
to  100. 

A  petrographic  description  of  this  meteorite  is  given  by  Merrill 
Amer.  Journ.  Sci.,  Ith  series,  vol.  2,  p.  149,  together  with  an  analyi 
of  the  feldspar.  He  finds  it  to  contain,  in  addition  to  the  nickel-iro 
enstatite,  diallage,  anorthite,  olivine  or  monticellite,  oldhamite  or  s( 
ondary  gypsum  derived  hrom  oldhamite,  lawrenceite,  troilite,  ai 
schreibersite. 


Fe 

90.92 

Ni 

• 
7.71 

Co 

.80 

Ou 

trace 

P 

.19 

S 

.04 

A. 


99.66 


SiO,.. 
A1,0,. 
OA 
FeO.. 
NiO.. 
MnO. 
CaO.. 
MgO. 
K,0.. 
Na,0. 

PA 

S  .... 


B. 


45.61 
22.62 


11.73 
1.06 


14.09 
3.64 


1.26 


100.00 


c. 


50.67 

14.  S9 

1.32 

10.55 


.76 

3.61 

17.98 

.03 

.19 


100.00 
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3.    WINNEBAGO  COUNTY,  IOWA. 

Fell  May  2, 1890.     Sp.  gr.  3.804,  28^.5.     Analyzed  by  L.  G.  Eakins, 
record  No.  1190,  and  described  in  Bull.  78,  p.  95. 

Composition  of  the  mass, 

* 

Nickel-iron 19.40 

Troilite 6.19 

Soluble  silicates 36.04 

Insoluble  silicates 38.37 


100.00 


Separate  analyses: 
A-  The  nickel-iron. 

B.  Silicate  soluble  in  hydrochloric  acid,  calculated  to  100  per  cent. 

C.  Insoluble  silicate,  recalculated  to  100  per  cent.     The  Cr^Oj  prob- 
ably represents  chromite. 


Fe 
Ni 
Co 
P. 

S  . 


92.65 

6.11 

.65 

trace 

trace 

99.41 


SiO,.. 

AlA 
CrA 

FeC. 

NIC. 

MnO. 

CaC, 

MgO. 

K,0.. 

Na,0. 

PA 


B. 


39.74 


18.42 

.38 

trace 

.69 

40.77 

trace 

trace 

trace 

100.00 


c. 

55.51 

5.43 

.25 

9.45 


3.00 

24.09 

.15 

2.12 


100.00 
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4.    TANEY  COUNTY,   MISSOUBI. 

Analysis  by  J.  E.  Whitfield,  record  No.  736.     See  Bull.  60,  p.  10( 
Sp.  gr.,  4.484. 

A.  The  separated  nickel-iron. 

B.  The  stony  portion  as  a  whole. 

C.  Silicates  soluble  in  hydrochloric  acid,  recalculated  to  100  per  cen 

D.  Insoluble  silicates,  recalculated  to  100  per  cent 


A. 

B. 

C. 

D. 

52.39 
7.11 

14.68 
4.49 

21.33 

Fe 

89.41 

10.41 

.29 

.16 

SiO, 

45.88 
7.89 

19.73 
6.02 

17.96 

1.67 

.54 

26.95 
17.69 
35.98 
15.98 
3.40 

Ni 

ALO. 

Co 

FeO 

P 

CaO 

MffO 

100.27 

NiS 

FeS 

99.69 

100.00 

100.00 

5.    WASHINGTON  COUNTY,  KANSAS. 

Fell  July  25, 1890.     Analyzed  by  L.  G.  Eakins,  record  No.  1227,  an 
described  in  Bull.  90,  p.  45.     Sp.  gr.  3.49,  21.6°. 

Oompogitian  of  the  mass. 
Nickel-iron 7. 7 

Troilite 5.0 

Soluble  silicates 46. 0 

Insoluble  silicates 41. 5 


100.2 


Separate  analyses. 

A.  The  nickel-iron. 

B.  Silicates  soluble  in  hydrochloric  acid,  calculated  to  100  per  cen 

C.  Insoluble  silicates,  calculated  to  100  per  cent. 


^ 


A. 

86.76 

12.18 

.83 

^ ^      -  -       —  , 

99.77 

B. 

38.50 

c. 

Fe 

SiOa 

53.80 
4.32 
1.41 

11.98 

Ni 

ALO, 

Co 

Cr-0, 

^.^•JV^^.     ......     ........ 

FeO 

23.54 
.69 

trace 
.34 
.12 

36.81 

NiO 

CoO 

MnO 

trace 
4.08 

22.37 

.27 

1.77 

100.00 

CaO 

MeO 

KjO 

Na,0 

^iv^V^     ......      ......... 

^   100.00 
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6.    KIOWA  COUNTY,  KANSAS. 

A  pallasite  found  in  Brenham  Township.     Analyzed  by  L.  G.  Elakins, 
•<3cord  No.  1188,  and  described  in  Bull.  78,  p.  94. 

A.  The  nickel-iron,     Sp.  gr.  7.93,  23.4^. 

B.  The  pure  olivine.     Sp.  gr.  3.376,  23.2^. 

C.  Dark  outer  zone  of  olivine,  containing  troilite. 


A. 

B. 

40.70 
trace? 

.18 
10.79 

.02 

C. 
34.14 

Fe 

88.49 

10.35 
.57 
.03 
.14 
.08 

trace? 

trace 

99.66 

SiO, 

Ni .. 

A1,0, 

Co 

IS      .............. 

Fe,Os 

FeO 

NiO 

Cu '. 

23.  20 

trace 

.03 

.09 

40.19 

5.42 

P 

S 

CoO 

Si 

MnO 

.14 
48.02 

c 

MkO 

S 

LessO— S 

99.85 

103.07 

2.71 

100.  36 

1 

1 
1 
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7.    TRAVIS  COUNTY,  TEXAS. 

Analyzed  by  L.  G.  Eakins,  record  No.  1097,  and  described  in  Bull. 
78,  p.  91.  Sp.  gr.  3.543,  20^.  According  to  Cross,  the  stony  portion 
contains  olivine  and  enstatite,  with  a  small  amount  of  a  colorless  min- 
eral, which  is  probably  feldspar.     Chromite  is  also  present. 

Approjcimate  composition  of  the  mans. 

Nickel-iron 2.23 

Troilite 5.03 

Soluble  silicates 39.  S4 

Insoluble  silicates 52. 42 


99.52 


A.  Total  analysis. 

B.  Nickel-iron. 

C.  Silicates  soluble  in  hydrochloric  acid,  calculated  to  100  per  cent. 

D.  Insoluble  silicates,  ciilculated  to  100  per  cent. 


• 

A. 

B. 

c. 

38.13 
2.58 

T). 

8iO, 

44.75 
2.72 

.52 

trace 

16.04 

1.83 

.52 

.22 

.01 

trac« 

2.23 

27. 93 

.13 
1.13 

.41 
1.83 

.84 

56.14 
3.73 
1.00 

^^  ^-^i " ------------------------- 

Al.O, 

•***l^-'5  ------------------------- 

Cr.O, 

^"l^-'S*  ------------------------ 

CuO 

FeO 

19.76 

9.15 

Fe 

88.74 

NiO 

1.19 

Ni 

Co 

10.68 
.58 

MnO 

CaO 

MkO 

1.02 

37.32 

iindet. 

undet. 

3.59 

24.44 

.19 

1.76 

KjO 

.......... 

Na,0 

p,o. 

■*■  1^^6"  ------------------------- 

s 

H,0 

Less  0  —  8 

1 

101. 11 
.92 

100.00 

100.00 

100.00 

m 

100.19 
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8.  BLUFF,  FAYETTE  COUNTY,  TEXAS. 

Analyzed  by  J.  E.  Whitfield,  record  No.  824,  and  described  in  Bull. 
>,  p.  107.  Sp.  gr.  3.610.  Examined  microscopically  by  G.  P.  Merrill, 
ho  reports,  in  addition  to  nickel-iron  and  pyrrhotite,  olivine,  enstatito, 
id  what  appears  to  be  augite  or  an  allied  pyroxene.  See  Amer.  Journ. 
5i.,  3d  series,  vol.  36,  August,  1888. 

A.  Total  analysis. 

B.  Nickel-iron  (5.67  per  cent  of  total). 

C.  Part  soluble  in  hydrochloric  acid,  calculated  to  100  per  cent  (60.r>2 
3r  cent  of  total). 

D.  Insoluble  part,  calculated  to  100  per  cent  (33.8  per  cent  of  total). 


A. 

• 

B. 

c. 

:«.  59 

1.34 
31. 12 

D. 

SiO, 

37.  70 

2.17 

23.82 

4.41 

1.59 

.88 

.16 

.37 

.45 

2.20 

25.94 

.25 

1.30 

49.fr4 

4.12 

15. 56 

W^MS^J     .......................... 

ALO, 

FeO 

[    Fe 

82. 42 

NiO 

2.66 

trace 

Ni 

15.44 

CoO 

.27 

tra<« 

Co 

2.14 

MnO 

.43 

1.00 

28.08 

.42 
2.18 

.54 

4.93 

25.21 

CaO 

MffO 

o         ......................... 

P.O. 

2^   6"  "-•-•"------"••---•-"---- 

s 

100.00 

Leas  0=8 

101. 24 
.65    ^ 

100.  59 

101.09 
1.09 

100.00 



100.00 

I 
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This  meteorite  also  contained  a  dark  vein  of  sp.  g\\  3.585,  which 
carried  2.30  per  cent  of  metallic  iron.  Analyses,  made  on  less  than 
0.4  gramme  of  nxaterial,  gave  as  follows,  recalculated  to  100  per  cent: 

E.  Soluble  in  hydrochloric  acid,  metal  deducted. 

F.  Insoluble.     ' 


A  repn\**entfl  51  per  rent  and  F  44  per  cent  of  the  vein. 

9.    SAN   BERNARDINO   COUNTY,  OALIFORNLA. 

Found  in  the  San  Emigdio  Mountains.  Analyzed  by  J.  E.  Whit- 
field, record  Nos.  804  and  93(),  and  described  in  Bull.  60,  p.  114.  In 
fragments,  badly  altered. 

Apjrroximttie  composition  of  the  mass. 

Nickel-iron 6.  21 

Soluble  siliciitea,  etc 51.  26 

Insoluble  silicates 42.  23 


99.70 


The  soluble  part  was  probal)!}'  olivine  and  pyrrhotite,  with  secondary 
iron  oxide.     The  insoluble  part  was  eustatite,  essentially. 

A.  The  nickel-iron. 

B.  The  enshitite. 


Fe 

Ni 
Co 


1 

1           A. 

B. 

88.25 

SiO, 

54.42 

!      11.27 

FeO 

14.03 

.48 

CaO 

2.46 
29.11 

KMUIkJ 

f 

M 

100.02 
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10.    BEAVER  CREEK,  BRITISH   COLUMBIA. 

Fell  May  26,  1893,  near  Beaver  Creek,  West  Kootenai  district. 
Described  by  Howell,  Hillebrand,  and  Merrill  in  Amer.  Journ.  Sci., 
3d  series,  vol.  47,  p.  430. 

CompogiHon  of  the  mass. 

Nickel-iron 17.13 

Magnetite 16 

Troilite 5.05 

Soluble  silicates  and  phosphate 37. 23 

Insoluble  silicates  and  chromite 40. 43 

100.00 

According  to  Mefrill,  the  silicates  visible  are  olivine,  enstatite, 
probably  a  little  plagioclase,  and  some  glassy  base. 
Analyses  by  W.  F.  Hillebrand,  record  No.  1444. 

A.  Nickel-iron. 

B.  Nonmagnetic,  stony  portion. 

C.  Portion  of  B  soluble  in  hydrochloric  acid,  calculated  to  100  per 
cent. 

D.  Insoluble  portion,  calculated  to  100  per  cent.  From  C  and  D 
troilite  and  chromite  are  excluded.  The  chromite  forms  about  0.75 
per  cent  of  the  stony  matter. 


Ni 
Co 
Cu 


A. 

90.68 

8.80 

.49 

.03 

100.00 


810, 

TiO,  .... 

A1A-... 

CrA---- 
FeO 

Fe 

NiO 

MnO.... 

CaO 

MgO.... 

K,0 

Na,0.... 
H,0 

PA 

8 

CI 

Troilite.. 
Chromite 


45.87 

.09 

2.30 

.51 

12.68 

3.87 

.07 

.26 

1.96 

28.24 

.15 

.98 

.34 

.30 

2.21 

trace 


99.83 

6.08 

.75 


c. 


38.26 


.56 


19.52 


.09 
.27 
1.03 
38.74 
.02 
.13 
.70 
.68 


trace 


100.00 


i». 


57.75 

.18 

4.89 


8.02 


trace 
.35 

3.44 

23.19 

.25 

1.87 
.06 


\ 


100.00 


A 


I 


240  ANALYSES  OF  ROCKS,  U.  S.  GEOLOGICAL  SURVEY.         [bull.16«. 

11.    LLANO   DEL  INCA,    CHILE. 

Analyzed  by  L.  G.  Eakins,  record  No.  1201,  and  described  in  Bull. 
78,  p.  97. 

Approximate  composition  of  the  mass. 

Nickel-iron 25.8 

Troilite 10.6 

Soluble  silicates 30.9 

Insoluble  silicates 32. 6 


99.9 


Separate  analyses. 

A.  The  nickel-iron. 

B.  Silicates  soluble  in  hydrochloric  acid,  calculated  to  100  per  cent. 

C.  Insoluble  silicates,  calculated  to  100  per  cent. 
Is  the  PjOg  in  B  derived  from  schreibersite? 


A.     ; 

B. 

C. 

Fe 

Ni 

Co 

89.77 

9.17 

.61 

SiO, 

28.08 
12.74 

53.11 

2.32 

.90 

18.82 

Al,Os 

Cr-O. 

aa*"""""""""*"* 

FeO 

42.52 
2.90 
.20 
9.33 
1.98 
2.25 

100.00 

99.55 

1 

NiO 

MnO 

CaO 

1.75 
23.10 

MgO 

P„0. 

100.00 

CLABKI-l 
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METEORIC  IRON. 

A.  The  Mount  Joy  meteorite,  found  near  Two  Taverns  post-office, 
near  Gettysburg,  Pennsylvania.  Analysis  by  L.  G.  Eakins,  record  No. 
1318. 

B.  From  Pulaski  County,  Virginia.  Sp.  gr.  7.95,  23^.  Analysis 
by  Eakins,  No.  1228.     Described  by  Eakins  in  Bull.  90,  p.  46. 

C.  From  EUenboro,  Rutherford  County,  North  Carolina.  Described 
and  analyzed  by  Eakins,  Bull.  78,  p.  93.     Record  No.  1160. 

D.  From  Linnville  Mountain,  North  Carolina.  Analyzed  by  J.  E. 
Whitfield,  record  No.  822,  and  described  in  Bull.  60,  p.  107.  Sp.  gr. 
7.778. 

E.  From  Cherokee  County,  Georgia.  Analysis  by  H.  N.  Stokes, 
record  No.  1527. 


A. 

B. 

c. 

D. 

K. 

Fe 

93.80 
4.81 
,51 
.005 
.19 
.01 

93.59 

5.56 
.53 

trace 
.27 
.01 

trace 

88.05 
10.37 
.68 
.04 
.21 
.08 
.02 

84.56 

14.95 

.33 

91.96 

6.70 

.50 

.03 

.11 

.01 

trace 

trace? 

Ni 

Co 

Ca 

P 

trace 

.12 

none 

trace 

S 

Si 

C 

90.325 

99.96 

99.45 

99.96 

99.31 
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F.  From  near  Holland's  store,  Chattooga  County,  Georgia.  An- 
alysis by  J.  E.  Whitfield,  record  No.  766.  See  Bull.  60,  p.  106.  Sp.  gr. 
7.801. 

G.  From  Hamilton  County,  Texas.  Sp.  gr.  7.96,  27^.  Analysis  by 
L.  G.  Eakins,  record  No.  1189.     See  Bull.  78,  p.  95. 

H.  From  near  Scottsville,  Allen  County,  Kentucky.  Analysis  by 
Whitfield,  record  No.  509.     See  Bull.  65,  p.  64. 

I.  Fell  6  miles  east  of  Cabin  Creek,  Johnson  County,  Arkansas, 
March  27,  1886.  Analysis  by  Whitfield,  record  No.  506.  See  Bull. 
56,  p.  63. 

J.  From  near  Gmnd  Rapids,  Michigan.  Sp.  gr.  7.87.  Analysis 
by  R.  B.  Riggs,  record  No.  296.     See  Bull.  42,  p.  94. 


F. 

G. 

H. 

I. 

J. 

Fe 

94.60 

4.97 

.21 

86.54 

12.77 

.63 

.02 

94.32 
5.01 
traoe 

91.87 
6.60 
trace 

88.71 
10.69 

Ni 

Ck) 

Cii 

.07 
.02 

Me 

•***o  ----------------- 

Mn 

trac« 
.41 
.05 

P 

.21 
trace 

.16 
.03 

.16 

.34 

none  • 

.12 

.26 

S 

.03 

Si 

C 

tracts 

.11 

.15 
.34 

.13 

In8<)lul)U' 

99.99 

100.26 

99.95 

99.42 

99.91 
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K.  The  El  Capitan  iron,  from  near  Bonito,  New  Mexico.  Analysis 
by  H.  N.  Stokes,  record  No.  1527. 

L.  From  La  Bella  Roca,  Sierra  de  San  Francisco,  Mexico,  State  of 
Duran^o.  Analysis  by  J.  E.  Whitfield,  record  No.  1037.  Bull.  64, 
p.  28. 

M.  Troilite  nodule  from  L,  outer  part,  somewhat  altered. 

N.  Troilite  nodule  M,  inner  part.  Analyses  L  and  M  also  by  Whit- 
field, record  No.  1037. 

O.  From  Puquios,  Chile.  Sp.  gr.  7.93,  26.2°.  Analysis  by  L.  G. 
Eakins,  record  No.  1181.     See  Bull.  78,  p.  95. 

P.  The  Abert  iron,  of  unknown  origin.  Analysis  by  R.  B.  Riggs, 
recoi-d  No.  356.     Sp.  gr.  7.89.     See  Bull.  42,  p.  94. 


K. 

L. 

M. 

N. 

o. 

P. 

Fe 

Ni 

Co 

Cu 

P 

S 

Si 

90.51 

8.40 

.60 

.24 
trace 

91.48 

7.92 

.22 

9.37 

88.67 
9.83 
.71 
.04 
.17 
.09 

trace? 
.04 

92.07 

7.01 

.66 

.21 

.21 

.08 
.01 

C 

.06 

.05 

NiS 

2.07 
37. 51 
37.80 
19.85 

97.23 

2.13 
85. 27 

FeS 

Fe,0, 

^>^v^3    -  -  -  " 

Moisture  . 

99.80 

100.10 

96.77 

99.55 

99.88 
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The  two  following  meteoric  irons  were  analyzed  by  L.  G.  Eakins  in 
the  Denver  laboratory. 

A.  Found  near  Albuquerque,  New  Mexico.     Described  by  Eakins 
in  Proc.  Colorado  Sci.  Soc.,  vol.  2,  p.  14. 

B.  From  Wyoming.     Partial  analysis. 


A. 

B. 

Fe 

88.76 
9.86 
.51 
.034 
.03 
trace 
.182 
.012 
.044 

nndet. 

89.26 

5.94 

.78 

Ni 

Co 

Cu 

Zn 

Mn 

P 

.24 

S 

Si 

c 

99.432 

-96.22 

SANDSTONES,  CHERTS  AND  SINTERS, 
SANDSTONES    FROM    OHIO. 

A.  Blue  sandstone  from  near  Cleveland.  Analysis  by  T.  M.  Chatard, 
record  No.  214. 

B.  Sandstone  from  Berea.     Analysis  by  L.  G.  Eakins,  record  No.  914. 

C.  D,  E.  Three  samples  of  the  ''Peebles-Henley  sandstone,"'  from 
Portsmouth.  Analyses  by  H.  M.  Stokes,  record  No.  1239.  Alkalies, 
etc.,  undetermined. 


SiO,.. 

AlA 

Fe,03. 

FeO.. 

MgO. 

CaO.. 

Na,0. 

K,0.. 

H,0.. 


I 


IdboLidHCI 


A. 


91.67 

6.92 

trace 


.34 

.28 


1.17 


100.38 
97.50 


B. 


92.91 

3.78 

trace 

.91 

trace 

.31 

.34 

.61 

1.19 


100.05 


c. 


90.40 

5.15 

.65 

.27 

.28- 


.99 


97.74 
98.00 


D. 


89.32 

5.52 

.87 

.35 

.51 


1.49 


98.06 
96.90 


E. 


87.12 

5.96 

.85 

.85 

.73 


2.00 


97.51 
95.52 
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SANDSTONES  PROM  CALIFORNIA. 
1.    SANDSTONES  FBOM  MOUNT  DIABLb. 

Described  by  Turner  and  Melville  in  Bull.  Geol.  Soc.  Amer.,  vol.  2, 
pp.  383-414.  Analyses  made  by  W.  H.  Melville  in  the  San  Francisco 
laboratory. 

A.  Upper  Cretaceous,  Chico  sandstone.  Light  brown,  finely  gi-an- 
ular,  carrying  grains  of  mica  and  feldspar. 

B.  Lower  Cretaceous,  Neocomian  sandstone.  Hard,  granular,  green- 
ish.    From  head  waters  of  Bagley  Creek. 

C.  Miocene  sandstone.  Granular,  particles  light  brown  and  black, 
friable.     From  near  Wall  Point. 

D.  Chico  sandstone.     Greenish  gray,  compact,  crystalline. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

OaO 

Na,0 

K,0 

HjOatlOO**-... 
H,0  above  100** 

PA 

MnO... 

CO, 


A. 

.  B. 

C. 

D. 

73.71 

56.84 

44.54 

36.93 

10.40 

11.37 

12.63 

7.22 

3.89 

1.46 

2.50 

1.59 

1.88 

4.95 

3.08 

2.95 

1.62 

3.10 

5.55 

2.34 

,96 

7.62 

14.65 

29.34 

3.48 

3.26  • 

3.35 

2.94 

.99 

.86 

1.37 

.64 

1.06 

1.45 

1.43 

.57 

2.60 

3.34 

2.25 

3.45 

none 

.10 

.29 

.16 

.17 

.22 

.44 

.57 

none 

5.10 

7.76 

a  11. 30 

100.76 

99.67 

99.84 

100.00 

a  CDs  determined  by  difference. 


Traces  of  oi'ganic  matter  are  found  in  all  four  sandstones,  but  were  not  determined. 
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2.    SANDSTONE   DIKES  IN   SHASTA   COUNTY. 

Described  by  J.  S.  Diller  in  Bull.  Geol.  Soc.  Amer.,  vol.  1,  p.  411. 
The  rock  is  made  up  of  quartz,  feldspar,  and  biotite,  with  a  calcite 
cement.  Serpentine,  sphene,  magnetite,  and  zircon  also  occur  in  it, 
but  are  less  common. 

A.  From  Salt  Creek,  one  half  mile  above  McNett's. 

B.  One  and  one-fourth  miles  below  Ono  Bridge,  north  fork  of  Cot- 
tonwood. 

C.  D.  Three-fourths  of  a  mile  below  John  Allen's,  Dry  Creek. 
E.  From  John  Allen's,  Dry  Creek. 

Analyses  A  and  B  by  T.  M.  Chatard,  record  No.  1106;  C,  D,  and  E 
by  J.  E.  Whitfield,  record  Nos.  972,  973. 


SiO, 

AljO, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°  ... 
H,0  at  red  lieat 
TiO, 

PA 

MnO 

BaO 

CO, 

SO, 

CI 


A. 


48.13 

11.19 

1.25 

1.47 

2.22 

16.39 

2.29 

1.17 

.78 

1.78 

.24 

.14 

.29 

.04 

12.73 


100.11 


B. 


48.10 

12.16 

1.02 

2.14 

1.65 

15.88 

2.46 

1.56 

.46 

3.27 

.47 

.13 

.26 

iindet. 

10.36 


99.92 


c. 


59. 10 
14. 02. 
3.16 
1.42 
1.72 
9.35 
2.21 
1.49 


2.6;^ 

.70 

trace 

trace 


4.65 
trace 
trace 

100.45 


D. 


61.60 
12.15 
2.09 
3.30 
2.33 
6.92 
2.16 
1.41 


3.10 

trace 

.08 

trace 


5.05 


97 

m    ad  I 


trace 


100.46 


54.55 
10.64 
1.59 
1.16 
1.29 
14.30 
2.60 
1.68 


1.60 

trace 

.10 

1.53 


9.05 
.  10 
.72 

100.31 
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The  following  bedded  sandstones   of   the   same   region   are    also 
described: 

F.  From  middle  fork  of  Cottonwood,  1  mile  above  Miller's. 

G.  Top  of  cascade,  li  miles  up  Byron  Creek  from  north  fork  of 
Cottonwood. 

H.  Two  and  one-half  miles  above  John  Allen's,  Dry  Creek. 
Analyses  F  and  G  by  Chatard,  record  No.  1106;  H  by  Whitfield, 
record  No.  974. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO°... 
H,0  at  rednesH. 
TiO, 

PA 

MnO 

BaO 

CO, 

SO3 

CI 


F. 


55.85 

13.20 

2.56 

4.77 

1.90 

6.93 

2.60 

1.89 

1.13 

2.99 

.76 

.18 

.24 

imdet. 

4.97 


99.97 


G. 


67. 62 

13.63 

1.25 

3.27 

2.34 

2.80 

2.78 

1.11 

.64 

2.83 

.48 

.08 

.15 

.03 

.    / 


'^2 


II. 


60.74 
10.25 
4.31 
6.21 
3,69 
4.97 
1.83 
.52 


4.36 

.86 

trace 

trace 


2.29 

.40 

trace 


99.73 


100.43 


3.  SANDSTONE  FROM  SULPHUR  BANK. 

Described  by  Becker  in  Mon.  XIII,  p.  92.  Analysis  made  by  Melville 
i  n  the  San  FranciSco  laboratory.  An  altered  sandstone,  showing  grains 
of  quartz,  plagioclase,  and  orthoclase. 


AlA 
Fe,0, 

FeO. 

MgO 

CaO. 

Na,0 

KaO. 


68.50 

12.  82 

1.29 

3.37 

2.21 

1.82 

0.03 

1.26 

1 

11,0  at  100° 

11./)  above  100°... 
TiO., 

PA 

MnO •. 


.28 
2.11 
.60 
.16 
.02 


100.47 


i 


I 
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MISCELLANEOUS  SANDSTONES. 

A.  Triassic  sandstone  from  the  Jaittelle  quarry,  near  Hancock, 
Maryland.  Hard,  compact,  brown.  Analysis  by  F.  W .  Clarke,  record 
No.  613. 

B.  Brown  sandstone,  Hummelstown,  Pennsylvania.     Analysis  by 

E.  A.  Schneider,  record  No.  1280.     Dejscribed  by  Diller  in  Bull.  150, 
p.  77.    P.  R.  C.  14. 

C.  Yellow  sandstone  from  Stony  Point,   Michigan.     Analysis   by 

F.  W.  Clarke,  record  No.  213. 

D.  Carboniferous  sandstone  adjoining  the  peridotite  dike  of  Elliott 
County,  Kentucky.     See  Diller,  Amer.- Journ.  Sci.,  3d  series,  vol.  32, 

p.  126.     Analysis  by  T.  M.  Chatard,  record  No.  354. 

E.  Yellow  sandstone,  Armejo  quarry,  Colorado.     Analysis,  partial, 

by  T.  M.  Chatard,  record  No.  289. 


A. 

B. 

c. 

D. 

E. 

SiO, 

76. 43 

1    17.78 

88.13 

5.81 

1.77 

.31 

.53 

.20 

.06 

2.63 

.23 

.26 

84.57 
5.90 
6.48 

60.78 

10.54 

3.27 

81.27 
9.81 
1.44 

Al,Os 

Fe,Oa 

FeO 

McO 

.92 
.84 

undet. 

undet. 

1      2.79 

.68 

1.59 
10.15 

1.41 

2.36 
.85 

2.32 
.03 
.09 
.10 

6.29 

.42 
.44 

undet. 

undet. 

\      1.19 

CaO 

NajO 

undet. 
undet. 

I      1.92 

Kfi 

11,0  at  100° 

H^C)  alx)ve  100°  .... . 
TiO, 

P„Os 

MnO 

trace 

C(X 

• 

Insol.  inHCl 

98.76 
88.68 

99.93 

99.55 
91.87 

99.78 

94.57 
95.54 

1 
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F.  Potsdam  sandstone,  Ablemans,  Sauk  County,  Wisconsin.  Do- 
scribed  by  Diller  in  Bull.  150,  p.  80.  Analysis  by  Schneider,  record 
No.  1280.     P.  R.  C.  16.. 

G.  Banded  sandstone,  Peoa,  Utah.  Described  by  Diller  in  Bull. 
150,  p.  80.     Analysis  by  Schneider,  record  No.  1280.     P.  R.  G.  16. 

H.  Brown  sandstone,  Flagstaff,  Arizona.  Analysis  by  T.  M. 
Chatard,  record  No.  1144. 

1.  Sandstone,  Robinson  mine,  Sununit  (bounty,  Colorado.  Analysis 
by  L.  G.  Eakins,  made  in  the  Denver  laboratory,  partial. 


SiO, 

AlA 

Fe,0, 

MgO 

OaO 

Na,0 

K,0 

HjOatlOO**.... 
H,0  above  100° 
CO, 


F. 


} 


99.42 


.31 


} 


.18 


99.91 


G. 


96.60 
I      2.02 


.08 
.04 


.11 
.29 


99.14 


H. 


a  79. 19 

1.30 

2.46 

.23 

7.76 


.32 
2.94 
5.77 


99.96 


I. 


56.33 
.77 
.97 
7.30 
14.01 
i     undet. 
undet. 
undet. 
undet. 
bld.Oi 


98.42 


a  Silica  and  insoluble  matter. 


b  Calculated  for  bases. 
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CHERT. 

From  the  lead-zinc  region  of  southwestern  Missouri  and  its  exten- 
sion into  Kansas. 
Collected  by  W.  P.  Jenney. 

A.  Unaltered  chert,  East  Hollow,  Belleville,  Jasper  County,  Missouri. 

B.  Partly  altered,  same  locality. 

C.  Altered  to  ^'cotton  rock,"  same  locality. 

D.  From  the  Surprise  mine,  Joplin,  Missouri. 
Analyses  by  E.  A.  Schneider,  record  No.  1206. 


A. 

B. 

c. 

D. 

SiO, 

98.17 
.83 
.01 
.05 

.78 

98.92 
.48 
.02 
.03 
.42 

98.71 
.43 
.02 
.03 
.50 

99.46 
.29 

trace 
.04 
.34 

ALO.,  Fe-0, 

MgO 

CaO 

Ignition 

99.84 

99.87 

99.69 

100.13 

E.  Blue  chert,  unaltered,  Bonanza  shaft.  Galena,  Kansas. 

F.  Same  locality. 

G.  Altered,  same  locality. 

H.  Jasperite,  Joplin,  Missouri. 
I.  Jasperite,  Gralena,  Kansas. 

Analyses  E,  F,  and  G  by  E.  A.  Schneider,  record  No.  1205;  H  andL 
by  L-  G.  Eakins,  record  No.  1208. 


SiO, 

A1,0„  Fe,0, 

MgO 

CaO 

Ignition 


E. 

F. 

G. 

H. 

99.23 

98.60 

99.13 

95.77 

.22 

.52 

.16 

1.84 

trace 

trace 

.01 

.24 

.02 

.10 

trace 

.54 

.50 

.40 

.20 

1.17 

99.97 

99.62 

99.50 

99.56 

I. 


97.33 

1.89 

.09 

.11 

.77 

100.  19 


> 
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SILICEOUS  SINTERS. 

From  the  Yellowstone  National  Park  and  similar  localities.  De- 
scribed by  W.  H.  Weed  in  9th  Ann.^  p.  619.  Analyses  A  to  H,  inclu- 
sive, by  J.  E.  Whitfield,  record  Nos.  97,  100,  707,  708,  812,  and  998 ; 
analysis  I  by  E.  A.  Schneider,  record  No.  1264.  A  to  E  from  Yellow- 
stone National  Park. 

A.  Dried  siliceous  jelly  from  Emerald  Spring,  Upper  Basin. 

B.  Sinter  from  Solitary  Spring,  Upper  Basin. 

C  Grayish  sinter  from  margin  of  Splendid  Geyser. 

D.  Compac^t  sinter  from  Old  Faithful  Geyser. 

E.  From  Asta  Spring,  Hillside  Group. 

F.  G,  H.  Three  samples  of  sinter  from  Rotorua,  New  Zealand.     For 
comparison  with  Yellowstone  sinters. 

I.  Sinter  from  Mount  Morgan  gold  mine,  Queensland,  Australia. 
Described  by  Weed  in  Am.  Journ.  Sci.,  3d  series,  vol.  42,  p.  165. 


SiO, 

AlA 

Fe,0,  .... 

MgO 

CaO 

Na,0 

K,0 

H,0  (ign.) 

NaCl 

SO, 

0,  organic 
H,  organic 


SiO,.. 

^gO. 
^a,0. 


C,0 

2O  at  105' 
gnition  . . . 


A. 


^.37 

1.16 

trace 

.05 

.29 

.11 

.02 

4.17 

.08 

.31 

.78 

.07 


100.41 


F. 


92.47 
2.54. 


B. 

c. 

D. 

93.88 

81.95 

89.54 

1.73 

6.49 

2.12 

.14 

trace 

trace 

.07 

.15 

trace 

.25 

.56 

1.71 

.28 

2.56 

1.12 

.23 

.65 

.30 

3. 37 

7.50 

5.13 

.18 

trace 

trace 

.20 

.16 

trace 

100.33 

100.02 

99.92 

• 

E. 


89.72 

I       1.02 

trace 
2.01 

7.34 


.15 
.79 


3.99 


99.94 


G. 


90.28 
3.00 


trace 
.44 


74.63 
15.59 


6.24 


99.96 


trace 

1.00 

.30 

1.02 


7.43 


99.97 


} 


\ 


trace 


I. 


94.02 

2.27 

trace 
.07 


100.09 


1.07 
2.29 


\ 
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THE     CARBONATE      ROCKS:      LIMESTONE,     DOIiOMlTE, 

81I>ERITE,  ETC. 

VERMONT  AND  MASSACHUSETTS. 

A.  White  marble,  Rutland,  Vermont.  Analysis  by  L.  G.  Eakins, 
record  No.  1213. 

B.  The  portion  of  A  insoluble  in  dilute  hydrochloric  acid.  Same 
analyst  and  number. 

C.  White  marble,  Lee,  Massachusetts.  Analysis  by  E.  A.  Schneider, 
record  No.  1279.  Described  by  Diller  in  Bull.  160,  p.  299.  P.  R.  C. 
116. 

D.  Limestone,  Lee,  Massachusetts.  Collected  by  B.  K.  Eknerson. 
From  cut  on  west  side  of  railroad.  Analysis  by  George  Steiger, 
record  No.  1654. 

E.  Dolomite,  Charlemont,  Massachusetts.  Collected  by  Emerson. 
Analysis  by  Eakins,  record  No.  1343. 

F.  Dolomite,  Webster,  Massachusetts.  Collected  by  Emerson. 
Analysis  by  H.  N.  Stokes,  record  No.  1634. 


A. 

B. 

c. 

D. 

E. 

F. 

Insoluble . 
SiO, 

8.00 

.19 

56.69 
31.16 

.95 

.09 

none 

.10 

.67 
trace 

.oa 

7.60 

1.61 

.03 

28. 63 

16.17 

1.01 
.17 

none 
.37 
.08 

AiA 

Fe,Os  .... 

.39 

.24 

FeO 

MnO 

.14 

2.13 

NiO 

CaO 

MgO 

KoO 

50.79 
trace 

2.68 
3.27 

undet. 

undet 

30.88 
21.42 

54.75 
.56 
.15 
.02 
.08 
.03 

43.38 
.05 

30.82 
21.36 
.10 
.01 
.09 
.06 
45.84 

Na^O 

H,0 

P„Os 

1.01 

■*  »'-'&  •  -  -  •  - 

CO, 

so, 

39.80 

46.72 

45.35 

^'a                  • 

100. 13 

95.93 

99.45 

100.16 

100.14 

99.90 
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NEW  YORK,  PENNSYLVANIA,  MARYLAND. 

A.  Dolomite-marble,  New  York  Quarry  Company,  Tuckahoe,  West- 
chester County,  New  York.  Analysis  by  W.  F.  Hillebrand,  record 
No.  746. 

B.  Hydraulic-cement  rock,  Akron,  New  York.  Analysis  by  George 
Steiger,  record  No.  1666. 

C.  Compact  gray  limestone,  Greason,  Pennsylvania.  Analysis  by 
E.  A.  Schneider,  record  No.  1279. 

D.  Dolomite-marble,  Cockeysville,  Maryland.  Analysis  by  Schnei- 
der, No.  1279.     P.  R.  C.  117. 

E.  An  earlier  sample  of  D.  Analysis  by  J.  E.  Whitfield,  record 
No.  827.     P.  R.  C.  117. 

Rocks  B,  C,  D,  E  are  described  by  Diller  in  Bull.  150,  pp.  127, 133, 
300. 


A. 

B. 

c. 

D. 

E. 

Insoluble 

1.33 

11.07 

5.57 

SiO, 

9.03 

.16 

2.25 

.85 

.52 

26.84 

18.37 
.85 

none 
.98 
.03 

40.33 

.44 

TiO, 

ALO, 

1        .40  • 

1.22 

Fe,0» 

.21 

FeO 

trace 

30.73 

20.87 

OaO 

30.68 
20.71 

39.  26 
9.00 

29.08 

20.  :w 

MffO 

K,0 

M.m.j'^^  ................ 

Na,0 

'^  "^^ 

H,0. 

.16 

.18 

1.22 

P,Oc 

»^^6    --------------- 

CX), 

46.66 

38.82 
.75 

44.26 

45.85 

Oreanic  matter 

99.75 

100.21 

99.08 

99.61 

100.33 
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VIRGINIA  AND  WEST  VIRGINIA. 

A.  Limestone,  upper  ledge,  Moundsville  Narrows,  West  Virginia. 

B.  Same  as  A,  lower  ledge.  Analysis  A  and  B  by  T.  M.  Chatard, 
record  No.  127. 

C.  Trenton  limestone,  Lexington,  Virginia.  Analysis  by  R.  B. 
Riggs,  record  No.  365. 

D.  Limestone,  Staunton,  Virginia.  Analysis  by  George  Steiger, 
record  No.  1630. 

E.  Part  of  D  insoluble  in  one-tenth  hydrochloric  acid. 

F.  Soluble  part  of  D.  Analyses  E  and  F  also  by  Steiger,  same  num- 
ber. These  three  analyses  are  accompanied  by  analyses  of  the  residual 
clay,  formed  by  the  weathering  of  the  limestone.     See  section  on  clays. 


A. 

B. 

• 

D. 

E. 

F. 

Insoluble 

SiO,  

10.33 

1.53 

.44 

/.  o/ 

.09 

1 .  92 

2^> 

.63 

none 

28.39 

18.30 

1.09 

.09 

AM) 

.49 

.03 

41.85 

100.  (W 

6. 98 

.09 

1.39 

.25 

none 

none 

.04 

.15 

An 

.04 
umlet. 

.15 
none 
none 

10.00 

.39 
none 
.53 
.04 
.63 
none 

TiO, 

ALO, 

^m.j't.rg.   ........ 

Fe,0, 

FeO 

.90 

.96 

.42 

MnO 

CaO 

trace 

48.02 

1.08 

trace 

53.  26 

.93 

54.77 
tra(»e 

28.  :Vy     1 

MeO 

18.  15 

K-O 

.18     1 

Na^O 

1 
.05 

undet. 

.34 

.OS 

41.85 

W.  54 

HjOatlOO"... 
H,0  above  100° 
P.O. 

I     .a5 

39.18 

1       .10 

trace 
43. 16 

1     1.08 

*a^6    --------- 

CO, 

42.  72 

99.56 

99.94 

<«.  43 
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GEORGIA. 

A.  Marble,  Happy  Valley. 

B.  ** Creole"  marble,  Happy  Valley. 

C.  Portion  of  B  insoluble  in  dilute  hydrochloric  acid. 

D.  "Cherokee"  marble,  Happy  Valley. 

E.  Portion  of  D  insoluble  in  dilute  hydrochloric  acid. 
Analyses  by  L.  G.  Eakins,  record  Nos.  404,  485. 


A. 

B. 

C. 

D. 

E. 

Insoluble 

1.84 

2.01 

SiO, 

2.23 
.91 
.22 

58.21 
7.37 

55.48 
15.58 

ALO, 

.17 

« 

.15 

Fe,0, 

FeO 

.05 

53.91 

.83 

.13 

43.16 

.31 
12.53 
20.42 

'C. ........ 

.06 

53.69 

.83 

.17 

43.13 

trace 
14. 52 
12.88 

CaO 

52. 16 

2.09 

.45 

42.22 

MffO 

H.O 

CO, 

V^X^J      '****'    --•-••-••• 

100.28 

99.69 

98.84 

100.04 

98.46 

FLORIDA. 
1.    COBAL  AND  SHELL  ROCKS,  COLLECTED   BY   N.  8.  SHALER. 

• 

Partial  analyses  only.     Chlorides  and  sulphates  present;   alkalies 
and  phosphates  not  looked  for.  * 

A,  B,  C,  D.  Coquina  gravel,  Tortugas. 
E.  The  same.  Key  West. 
Analyses  by  F.  W.  Clarke,  record  No.  878. 


SiO, 

A1,0„  Fe^O, 

CaO 

MgO 

CO, 

H,0 


A. 

B. 

(;. 

D. 

E. 

.19 

.22 

.32 

.21 

.25 

.19 

.47 

.56 

.76 

.56 

52.  24 

51.24 

49.38 

51.95 

51.52 

1.53 

2.09 

1.93 

1.44 

2.08 

41.46 

41.07 

40.39 

41. 53 

41.58 

3.27 

3.57 

5.12 

3.07 

3.19 

98.88 

98.66 

97.70 

98.96 

99.18 
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F.  Near  Fort  Worth. 

G.  East  side  of  St.  Johns  River,  near  Seville. 
H.  Corroded  surface,  Miami  Reef. 

I.  Near  Oak  Hill. 

J.  Near  Melbome. 

Analyses  by  F.  W.  Clarke,  reoor^J  No.  885. 


SiO, 

A1,0„  Fe,0, 

CaO 

MgO 

CO, 

H,0 


F. 

G. 

H. 

I. 

J. 

2.94 

8.50 

2.99 

5.87 

17.83 

.23 

.73 

.65 

.95 

1.18 

51.51 

47.29 

51.22 

50.34 

43.85 

.71 

1.51 

.06 

.37 

.26 

41.59 

39.06 

41.22 

39.62 

34.31 

2.64 

3.37 

2.23 

3.21 

2.53 

99.62 

100.40 

98. 37 

100.36 

90. 96 

K.  Coarse  shell  mass,  Senote. 
L.  Coral  rock.  Salt  Key  Bank. 
M.  Loggerhead  Key. 

Analyses  by  L.  G.  Eakins,  record  No.  882.    The  following  analyso.-;. 
also  by  Eakins,  No.  883,  are  included  for  comparison:    ^ 
N.  Coralline  bottom,  Barbados. 
O.  Recent  coral  (Siderostria),  Bermuda. 


SiO,. 

A1,0, 

Fe,0, 

CaO. 

MgO 

CO,  . 

H,0. 


K. 

L. 

M. 

N. 

0. 

.22 

.11 

.20 

1.17 

.23 

1         .18 

1        .04 

^        .22 

^        .31 

^     trace 

54.87 

53.54 

53.54 

46.45 

55.16 

.64 

.71 

.78 

5.15 

.20 

43.89 

43.87 

43.71 

43.40 

43.74 

.11 

1.13 

.81 

2.73 

.54 

99.91 

99.40 

99.26 

99.21 

99.87 
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A  to  M  inclusive.  Thirteen  borings  from  the  artesian  well  at  Key 
West.  Partial  analyses  by  Steiger,  record  No.  1563.  The  figures  at 
tops  of  columns  give  depths  in  feet  from  which  samples  were  taken. 


SiO,... 
Al,0,.. 
Fe,0,  . 
CaO... 
MgO.. 
00,... 


A. 


25 


.17 
.20 
.07 

54.03 
.29 

42.52 


97.28 


B. 


100 


.25 

.17 

.07 

54.01 

.77 
42.  S4 


98.11 


C. 


150 


I 


.12 

.08 

54.38 

.86 

43.36 


98.80 


D. 


350 


} 


3.52 

.40 

51.46 

1.67 

41.77 


98.82 


£. 


600 


} 


5.10 

.35 

48.87 

2.50 

40.72 


775 


} 


.13 

.14 

46.53 

6.70 

43.60 


97.54 


97.10 


SiO, 

Al,0„Fe,0,.. 

CaO 

MgO 

00, 


G. 

H. 

I. 

J. 

K. 

L. 

1125 

1325 

1400 

1475 

1625 

1850 

.05 

.07 

.19 

.06 

.05 

.03 

.21 

.11 

.16 

.14 

.17 

.17 

53.84 

54.49 

55.12 

54.48 

53.90 

54.28 

.86 

.62 

.30 

.73 

1.14 

1.12 

42.87  . 

43.29 

43.28 

43.38 

43.37 

43.13 

97.83 

98.58 

99.05 

98.79 

98.63 

98.73 

M. 


2000 


.07 
.16 

54.02 
1.06 

43.20 


98.51 


P,05  is  present.     Is  included  with  Al^O,  and  Fe,0,. 

N.  Supposed  cement  rock,  River  Junction.     Received  from  D.  T. 

Day.     Analysis  by  George  Steiger;  record  No.  1844. 

SiO, 12.31 

A1,0, 12.19 

FejO, 66 

CaO 26.28 

MgO 16.72 

K,0 ; none 

Na,0 50 

H,0at  100° 94 

H,0  above  100° 2.05 


P,05 05 

CO, 38.12 


99.82 


Bull.  168 17 
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TENNBSSBE,    ALABAMA,    LOUISIANA. 

A*  LimestotfiB,  Knoxville,  Tennessee.  Analysis  by  L.  G.  E^akins, 
record  No.  1159. 

B.  Knox  dolomite,  Morrisville,  Alabama.  Described  by  Russell  in 
Bull.  52,  together  with  a  residual  clay  derived  from  it.  See  section 
on  clays.     Analysis  by  W.  F.  Hillebrand,  record  No.  797. 

C.  Limestone  from  Rayborn's  salt-lick,  Bienville  Parish,  Louisiana. 
Analysis  by  R.  B.  Riggs,  record  No.  323. 

D.  White  marble,  streaked  with  black.  From  5  miles  west  of 
Winnfield,  Louisiana.  Analysis  by  W.  F.  Hillebrand,  record  No.  760. 
In  addition  to  the  constituents  named  in  the  table,  this  marble  con- 
tains traces  of  barium,  strontium,  chlorine,  and  organic  matter. 


1 

A. 

B. 

c. 

D. 

i 

Insoluble ! 

.65 

SiO^ 



.17 
.04 
.23 

3.24 
.17 
.17 
.06 

.55 
1      1.61 

ALO, 

trace 

1        ■«»«2^S*"""""*""""""'*"""*"~"**" 

Fe,Os 

1                     ^<f     -rj|.    .................    .._.... 

FeO 

trace 
.10 

55.01 
.60 
.13 

MnO 

trace 

54.09 

.06 

CaO 

MgO 

HjO 

55.47 
.30 

.21 

29.58 

20.84 

.30 

P„0. 

.05 

44.12 

.05 

CO2 

43.63 

45.54 

43.43 
.27 

SO3 

3 

100.05 

99.90 

100.53 

100.19 
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TEXAS. 


Supposed  cement  rock,  Uvalde  quadrangle.     Collected  by  T.  Way- 
land  Vaughan.     Analysis  by  W.  F.  Hillebrand,  record  No.  1769. 
A,  the  rock;  B,  the  part  insoluble  in  dilute  nitric  acid. 


SiO, 

Fe,0„  A1,0,  .... 

CaO 

MgO 

00, 

iDBoluble 

NaOl,  Mn,  H,0  a 


A. 


.10 

.09 
40.82 

.18 
32.41 
25.57 

.83 


100.00 


SiO,.... 
A1,0,... 
Fe,0,  .. 
P,05.... 
H,0.... 
Alkalies 


B. 


20.80 
3.44 


1.14 
.19 


25.57 


a  By  difference. 
OHIO. 

A,  B,  C,  D.     Trenton  limestone  from  New  Vienna. 
Partial  analyses  by  F.  W.  Clarke  and  R.  B.  Riggs,  record  Nos.  729, 
730,  732.     Iron  and  alumina  are  prese'nt  in  soluble  form. 


A. 

B. 

C. 

D. 

Insoluble .- 

8.47 
47.16 

1.52 
36.20 

9.93 

49.04 

.58 

37.64 

2.12 
51.18 

3.08 
42.04 

28.43 
23.00 
12.90 
30.82 

CaO 

MffO 

CO, 

X^VAJ      .......................... 

92.35 

97.19 

98.42 

95.15 

E.  Trenton  limestone,  Arcadia,  Hancock  County. 

F.  Air-line  Junction,  Toledo.     This  sample  contains  a  great  deal  of 
ferrous  carbonate. 

G.  Gas  rock,  St.  Henry's  well,  Mercer  County. 
H.  Oil  rock,  Lima. 

All  Trenton.     Analyses,  partial,  by  Clarke  and  Riggs,  record  Nos. 
729,  730. 


Insoluble 

CaO 

MgO.... 
CO, 


E. 


8.56 
47.17 

2.59 
38.54 

96.86 


3.52 
30.64 
18.05 
42.82 

95.  m 


G. 


I 


2.27 
50.34 

2.86 
40.96 


H. 


V 


1.64 
32.24 
17.36 
43.92 
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The  following  partial  analyses  by  F.  W.  Clarke,  record  No.  738,  all 
relate  to  Trenton  limestones: 

A.  Well  No.  3,  Bryan.     Gas  rock. 

B.  McElree  well,  Kenton.     Depth,  1,315  feet. 

C.  Huntsville.     Depth,  1,405  feet. 

D.  Prospect.     Depth,  1,650  feet. 

E.  Findlay  street  well,  Dayton.     Depth,  975  feet. 

F.  Xenia.     Depth,  1,075  feet. 

G.  New  Madison.     Depth,  1,150  feet. 


Insoluble . . . 
Fe,0„  A1,0, 

CaCO, 

MgCO, 


Insoluble  . . . 
Fe,08,  AI,0,. 

CaCJOj 

MgCO,  ..... 


A. 

B. 

C. 

9.22 

5.26 

4.41 

1.51 

1.10 

3.15 

49.00 

84. 32 

57.23 

38.59 

8.43 

33.16 

98.32 

99.11 

98.95 

12.34 

.58 

82. 36 

1.67 


96.95 


F. 


9.23 

.18 

86.54 

2.99 


98.94 


26.12 

2.57 

66.02 


98.58 


G. 


11.11 

3.60 

64.91 

17.98 


97.60 


In  C  and  G  there  is  ferrouH  carbonate. 
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Partial  analyses  by  Charles  Catlett,  record  fJos.  754,  755,  756,  757; 
all  of  Trenton  limestones  from  the  natural-gas  belt. 

A.  London.     Depth,  1,594  feet. 

B.  Air-line  Junction,  Toledo.     Depth,  1,415  feet. 

C.  Celina.     Depth,  1,112  feet. 

D.  City  well  No.  2,  Upper  Sandusky. 

E.  Sandusky.     Depth,  2,260  feet. 

F.  Gas  rock.     Pauck  well,  St.  Marys  Township,  Auglaize  County. 

G.  Gas  rock.    Bennett  well,  St.  Marys  Township.    Depth,  1,121  feet. 
H.  First  city  well,  Carey.     Depth,  about  1,350  feet. 

I.  Well  No.  2,  Fort  Recovery.     Depth,  1,065  feet. 
J.  Waggoner  well,  6  miles  west  of  Fremont.     Gas  rock. 
K.  Loomis  and  Nyman  well,  TiflSn.     Depth,  1,470  to  1,481  feet. 
L.  Loomis  and  Nyman  well,  TiflSn.     Depth,  1,488  to  1,494  feet. 
M.  Port  Clinton.     Depth,  1,660  to  1,700  feet. 
N.  Wauseon.     Depth,  2,135  feet. 
O.  Napoleon.     Depth,  1,830  feet. 
P.  Kossuth,  Allen  County.     Oil  rock. 

Q.  Doenze's  well,  Franklin  Township,  Mercer  County.      Depth, 
L  ,107  feet. 


A. 

15.90 
1.84 

77.  69 
1.89 

97.  32 

B. 

C. 

D. 

E. 

F. 

3.18 

3.12 

52.18 

38.42 

Insoluble 

A1,0„  Fe,03 .... 

CaCO, 

MgCO, 

2.88 

8.68 

54. 68 

25.  73 

2.95 

2.95 

68.41 

24.18 

8.18 

4.31 

64.25 

15.93 

3.65 

4.58 

54.62 

:«.67 

91.97 

98.49 

92.67 

96.52 

96.90 

(J. 

H. 

I. 

1.89 

1.57 

87.88 

7.43 

J. 

K. 

L. 

Insoluble 

AljO,,  Fe,0, .... 
CaCO, 

1.66 

2.48. 

56. 94 

35.55 

5.72 

3.08 

80.11 

8.09 

5.22 

6.32 

52.93 

32.75 

5.66 

4.86 

52.89 

33.46 

9.88 

1.46 

79.39 

6.20 

MffCO, 

^*o^^^^»  --•----•- 

96.63 

97.00 

98.77 

97.22 

96.87 

96.93 

M. 

N. 

0. 

P. 

Q. 

Insoluble 

7.46 

4.16 

71.96 

14.34 

18.24 

7.28 

42.82 

28.11 

2.66 

2.14 

53.86 

37.33 

1.08 

.  66 

90.72 

6.69 

3.68 

8.88 

69.63 

10.98 

ALO„  Fe,0, ....... 

CaCO, 

MgCO, 

^"^O^-^^-^a  "■■"**■*  —  J1.--J. 

■ 

97.92 

96. 45 

95.98 

99.15 

92.27 

\ 

\ 
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INDIANA. 


A.  Buff  limestone,  Hoosier  Stone  Ciompany,  Bedford. 

B.  Blue  limestone,  same  locality. 

Analyses  by  F.  W.  Clarke,  record  Nos.  306,  307. 


SiO,. 
Fe,(), 
CaO. 
MgO 

PA- 
CO,. 

SO,. 


99.61 


.63 

1.69 

.39 

.49 

54.19 

54.18 

.39 

.37 

trace 

trace 

44.01 

43.08 

none 

none 

99.81 


The  following  Trenton  limestones  are  all  from  the  natural-gas  belt : 

C.  Union  City.     Depth,  1,160  feet. 

D.  Bluffton.  "  Depth,  1,062  to  1,067  feet 

E.  Muncie.     Depth,  920  feet. 

F.  Greensburg.     Depth,  867  feet. 

G.  Vernon.     Depth,  906  feet. 

H.  Wabash.    Depth,  about  900  feet. 

Analysis  C  by  F.  W.  Clarke,  record  No.  738.     The  remainder  b^- 
Charles  Catlett,  Nos.  753,  758. 


c. 

D. 

E. 

F. 

.87 

.55 

94.60 

.36 

96.38 

G. 

H. 

Insoluble 

AlA-FeaOs... 

CaCO, 

MgCO, 

2.14 

1.23 

8:^.21 

12.48 

2.37 

4.48 

53. 43 

37. 47 

3.30 

3.72 

51.96 

38.11 

8.00 

.60 

85.56 

trace 

3.52 

7.58 

53.18 

30.53 

99.06 

97.75 

97.09 

94.16 

94.81 
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MISSOURI. 


Limestones  and  dolomites  collected  by  W.  P.  Jenney.     Analyses  by 
L.  G.  Eakins,  record  Nos.  1184,  1207/    CO,  calculated. 
A,  B.  Cherokee  limestone,  quarry  near  Seneca,  Newton  County. 
C,  D.  The  same,  near  Grand  Falls,  Newton  County. 
E,  F.  Dolomite,  Oswego  land,  Joplin. 


A. 

B. 

C. 

D. 

E. 

F. 

Insolable . 

A1,0, 

FeO 

MnO 

CaO 

MgO 

CO, 

.66 

.11 

.05 

trace 

55.29 

.23 

43.69 

1.21 

.13 

.07 

trace 

54.92 

.20 

43.31 

1.01 
.08 
.05 
.03 

54.98 
.31 

43.54 

1.01 

.13 

trace 

trace 

55.11 

.32 

43.65 

29.77 
^       1.32 

11.66 
^      1.03 

21.46 
14.79 
33.13 

28.72 
17.26 
41.  55 

100.03 

99.84 

100.00 

100.  22         100.  47 

1 

100.22 

KANSAS. 

A.  Limestone,  Silverdale.     Analysis  by  Charles  Catlett,  record  No. 

B.  Cherokee  limestone,  Short  Creek,  near  Spring  River,  Cherokee 
^^^unty.     Analysis  by  L.  G.  Eakins,  record  No.  1184. 

C  Supposed  marl,  large  surface  deposit  near  Wakeeney,  Trego 
^-^vinty.     Analysis  by  F.  W.  Clarke,  record  No.  212. 


A. 


Insoluble 

SiO, 

A1,0,.... 
Fe,0,.... 

FeO 

MnO.... 

OaO 

MgO.... 

K,0 

Na,0.... 
H,0 


5.27 

1.07 

.71 

.32 


B. 


.32 


c. 


.17 


14.06 
5.10 


PA 

CO,. 

so, . 


50.36 
.56 
.10 
.20 
.78 
.06 

40.34 
.07 

99.84 


.20 

.02 

55.25 

.35 


43.79 


100.10 


43.05 
.50 


1.77 
35.03 


99.51 


\ 
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MICHIGAN,  WISCONSIN,  MINNESOTA,  CANADA. 

Most  of  the  rocks  considered  .under  this  heading  were  described  by 
Irving  and  Van  Hise  in  Mon.  XIX,  pages  131  and  191.  A  few  other 
analyses,  also  representing  Van  KQse's  collections,  are  taken  from  the 
laboratory  records.  The  Canadian  rocks  are  from  near  the  boundary 
line,  and  relate  directly  to  others  gathered  upon  the  Minnesota  side. 

A.  Dolomite,  near  Sunday  Lake,  Gogebic  district,  Michigan.  Anal- 
ysis by  W.  F.  Hillebrand,  record  No.  767. 

B.  Dolomite,  Penokee  region,  Wisconsin,  NW.  i  sec.  22,  T.  44  N., 
R.  6  W.     Analysis  by  Hillebrand,  record  No.  768. 

C.  Limestone,  bed  of  Slate  Creek,  Huron  Bay  slate  quarries,  Michi- 
gan. Analysis  by  T.  M.  Chatard,  record  No.  894.  From  laboratory 
records;  not  in  the  monograph  cited. 

D.  Limestone,  east  end  of  Ogiskemannissi  Lake,  Minnesota.  Anal- 
ysis by  Chatard,  record  No.  899.     Not  in  monograph. 


SiO, . . 
AlA 

FeO. 
MnO. 
CaC. 
MgO. 


H,0  at  105° 


HjO  ign 

PA---. 
CO,.... 

SO,  .... 

01 


A. 


3.07 


} 


.09 

.86 

.15 

29.72 

19.95 

.30 


45.31 


trace 


99.45 


B. 


.63 


.03 

.75 

.08 

30.94 

20.08 

.27 


46.27 


trace 


99.65 


c. 


7.05 

.48 

1.33 

iindet. 

.19 

50.08 

.57 


.25 

.27 

39.68 

.21 


100.11 


D. 


41. 9i) 

1.24 

.42 

4.77 

.26 

16.85 

8.41 

.05 

1.02 

.05 

24.70 

.32 


100.08 
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E.  Iron  carbonate,  SE.  i  sec.  20,  T.  47  N.,  R.  43  W.,  Michigan. 

F.  Iron  carbonate,  south  side  of  Sunday  Lake,  Michigan. 

G.  Iron  carbonate.  Palms  mine,  Gogebic  district,  Michigan. 
Analyses  E,  F,  and  G  by  W.  F.  Hillebrand,  record  Nos.  769, 770,  771. 
H.  Iron  carbonate.  Miner  and  Wells  Option,  sec.  13,  T.  47  N.,  R.  46 

W.,  Michigan.     Analysis  by  T.  M.  Chatard,  record  No.  893. 

I.  Iron  cafbonate,  NW.  i  sec.  18,  T.  47  N.,  R.  46  W.,  Michigan. 
Analysis  by  Chatard,  No.  895. 


SiO, 

TiO, 

AlA 

Fe,0, 

FeO 

MnO 

CaO 

MgO 

H,0  at  105° 
H,Oign... 

PA 

CO, 

SO, 

CI 

FeS, 


3.16 


} 


.08 

.93 

15.18 

1.15 

26.65 

11.01 

.54 

.06 
41.10 


F. 


trace 
.34 


100.20 


} 


28.86 

.20 

1.29 

1.01 

37.37 

.97 

.74 

3.64 

.68 

trace 
25.21 


99.97 


G. 


} 


46.47 
.10 
.70 
.86 

28.57 

.40 

.49 

2.30 

.60 

trace 
19.  24 


H. 


99.73 


} 


46.01 

.12 

.83 

1.35 

26.07 

2.0i> 

.63 

2.m 

1.71 

.07 
17.72 

.15 


99.61 


I. 

36.73 
.19 
.38 
.98 

34.  81 
.52 
.48 
2.74 
.12 
1.40 
.01 

22.44 
.16 


100. 96 
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J.  Iron  carbonate,  Penokee  iron  range,  NE.  i  sec.  6,  T.  45,  R.  2  E., 
Wisconsin.     P.  R.  C.  999. 

K,  L,  Black,  slaty,  carbonaceous  iron  carbonates,  Animikie  forma- 
tion, Kakabikka  Falls,  E^aministiquia  River,  Canada. 

M.  Iron  carbonate,  west  end  of  Gunflint  Lake,  Minnesota. 

N.  Iron  carbonate,  north  side  of  Gunflint  Lake,  Minnesota. 

O.  Iron  carbonate,  north  side  of  Gunflint  Lake,  Canada. 

Analyses  J,  K,  and  L  by  R.  B.  Riggs,  record  Nos.  376,  377,  378; 
M,  N,  and  O  by  T.  M.  Chatard,  record  Nos.  897,  898,  900. 


SiO, 

TiO, 

A1,0, 

FejO, 

FeO 

MnO... 

CaO .....w^. 

MgO 

H,OatllO° 

HjO  at  redness. 

PA 

CO, 

so, 

c 


J. 


15.62 


} 


4.27 
8.14 
32.85 
5.06 
.81 
2.66 

.68 


K. 

L. 

54.26 

37.73 

3.41 

2.57 

6.42 

3.62 

22.92 

19.63 

.40 

.19 

1.26 

1.07 

3.98 

2.93    1 

M. 


30.32 


) 


2.74 


18.01 


100.41 


3.54 


) 


1.20 


14.93 


58.23 

trace? 

.06 

5.01 

18.48 

.25 

.38 

9.59 

.07 

2.01 

.03 

5.22 

.19 


N. 


.45 


100. 41       100.  85 


46.46 

trace? 

.24 

.64 

26.34 

.21 

1.87 

3.10 

.07 

1.15 

.13 

19.96 

.14 


99.52    I  100.31 


o. 


23.90 
none 

.07 

.44 
10.72 

.28 

22.25 

8.52 

none 

.99 
trace 
32.42 

.17 


99.76 
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P.  Ferrodolomite,   Marquette    district,    Michigan.      Analysis   by 
George  Steiger,  record  No.  1473.     P.  R.  C.  994. 
Q.  Ferrodolomite,  Marquette  district,  Michigan. 
R.  Portion  of  Q  insoluble  in  hydrochloric  acid. 
S.  Soluble  portion  of  Q. 

Analyses  Q,  R,  and  S  hgr  Greorge  Steiger,  record  No.  1442.    These 
rocks  are  not  in  the  monograph  cited. 


p. 

Q. 

R. 

8. 

SiO, 

42.37 

26.97 

1.30 

2.31 

39.77 

.29 

.66 

1.94 

.09 

.10 

.51 

.03 

26.20 

26.67 
.12 
.16 

.30 

1.18 

2.15 

39.77 

.29 

.66 
1.84 

.09 

ALO, 

Fe,a 

1.09 
31.41 

FeO 

MnO 

CaO 

.50 
2.48 

MgO 

.10 

Alkftli^w , . . 

H-OatlOO® 

H,0  above  100®  . 

P.O. 

.03 
26.20 

00, 

21.80 

x^>^2  .••••••••••• 

99.65 

100.17 

27.05 

72.51 
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YELLOWSTONE  NATIONAL  PARK. 

Travertines  described  by  W.  H.  Weed  in  9th  Ann.,  p.  619. 

A.  Terrace  below  the  hotel. 

B.  Cupids  Gave. 

C.  Near  Sulphur  Spring  No.  246,  Mammoth  Hot  Springs. 

D.  Extinct  spring,  main  terrace,  Mammoth  Hot  Springs. 

E.  Ridge  behind  main  terrace. 

Analysis  C  by  F.  A.  (jooch,  record  No.  243;  A,  B,  D,  and  E  I 
J.  E.  Whitfield,  record  Nos.  240,  242,  244,  245. 


A. 

B. 

C. 

D. 

K. 

SiO. .' 

.08 
.15 

.15 
.49 

.01 

1        .05 

55.02 
.07 
.04 

.06 
.14 

.26 

.11 

ALO, 

Fe,0. 

CW) 

53.83 
.90 

68.41 
.42 
.01 
.03 
2.44 
.13 

55.02 
.06* 

54.06 
.66 

MffO 

.UAQX^     ............... 

K-O 

AV^-V^  ................ 

Na,0: 

H.0 

1.43 
.02 

L61 
.12 

1.06 
.20 
.08 
.70 
42.25 
.24 

1.19 
.26 

NaCl 

KCl 

sa 

1.72 

41.79 

.21 

.55 

41.96 

.37 

.49 

42.25 

.11 

1.84 

42.14 

none 

CO, 

C  (oreanic) 

100.13 

99.96 

99.77 

99.81 

100.02 

CLAKKS.] 
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MONTANA. 

Bocks  collected  by  A.  C.  Peale.     Analyses  by  Charles  Catlett,  record 
Ho8.  890,  905. 

A.  North  of  East  Gallatin  River. 

B.  West  of  North  Boulder  River. 

C.  D.  North  of  East  Gallatin  River. 

E.  Base  of  Carboniferous,  west  side  of  Bridger  Range. 

F.  Middle  Carboniferous,  north  of  Grallatin  River. 

G.  H.  Upper  Carboniferous,  north  of  Gallatin  River. 

Analyses  all  partial.     A,  B,  C,  D,  and  H  were  published  by  Peale 
in  Bull.  110,  pp.  16,  28,  and  40. 


Insoluble . . . 

FejOjAlA-  • 
CaCX), 

MgCO, 

Insoluble . . . 
Fe,0„  AljO, 

CaCOj 

MgCX), 


A. 

B. 

c. 

.34 

1.78 

23.50 

.22 

.40 

2.50 

54.54 

54.54 

67.85 

43.63 

42.62 

6.18 

99.73 

99.34 

100.03 

D. 


35.26 
1.92 

59.11 
1.96 


98.25 


£. 

F. 

G. 

9.98 

5.99 

50.74 

.38 

.58 

.30 

88.50 

91.96 

32.28 

.95 

1.35 

13.91 

99.81 

99.88 

97.23 

H. 


25.24 

5.30 

40.21 

25.25 

96.00 
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COLORADO. 


1.   DENVER  BASIN. 


Bocks  described  by  Emmons  in  Mon.  XXYIL 
L.  G.  Eakins,  in  the  Denver  laboratory. 

A.  Upper  Wyoming  limestone,  Morrison. 

B.  Niobrara  dolomite. 


Analyses  made  b; 


Insolnble 

AlA-... 
FejO,.... 

MnC... 

CSaO 

MgO.... 

H,0 

PA 

00, 


100.25 


5.32 

12.01 

.53 

.54 

.38 

.11 

.49 

.20 

48.73 

27.49 

2.95 

18.03 

.11 

.61 

.03 

.03 

41.71 

4L40 

100.42 
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2.    LEADVIIiLE  DISTRICT. 

Rocks  described  by  Emmons  in  Mon.  XII.  Analyses  A  and  E  by 
W.  F.  Hillebrand;  B,  C,  and  D  by  A.  Guyard;  all  made  in  the  Denver 
laboratory. 

ftp 

A.  Upper  blue  limestone,  Silver  Wave  mine. 

B.  Upper  blue  limestone,  Dugan  quarry. 

C.  Upper  blue  limestone,  Glass-Pendery  mine. 

D.  Montgomery  quarry,  near  base  of  blue  limestone. 

E.  White  limestone,  upper  part.  Carbonate  Hill  quarry. 


SiO, 

A1,0, 

^'e.O, 

FeO 

MnO 

CaO 

MgO 

K,0 

Na,0 

H,0 

PA 

CO, 

SO, 

CI 

FeS, 

Organic  matter 


A. 


.21 

.27 

.21 

.24 

trace 

30.79 

21.14 

.03 

.06 

.22 

trace 

46.84 

tracft 

.10 

trace 

.03 

100.14 


B. 

c. 

D. 

E. 

.70 

.27 

7.76 

11.84 

.17 

.04 

.11 

1.66 

.11 

.22 

.10 

1.51 

.38 

.13 

.57 

.83 

.05 
30.43 

.20 
29.97 

.06 
27.26 

26.60 

20.78 

21.62 

20.05 

17.41 

.05 

.01 

.02 

.02 

.09 

.02 

.04 

.03 

.04 

.07 

.05 

.48 

.12 

.03 

.07 

trace 

46.93 

47.39 

43.79 

trace 

.06 

40.01 

.14 

.04 

.05 

trace 
.03 

trace 
.07 

- 

.02 

100.02 

99.93 

100.01 

100.44 
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3.    FAIRPLAY,  PARK  OOLTfTY. 

Analyses  made  by  W.  F.  Hillebrand,  in  the  Denver  laboratory. 

A.  Serpentinous  limestone,  Buckskin  Gulch. 

B.  Limestone,  Fairplay. 

C.  Limestone,  Mount  Silverheels. 

D.  Dolomite-limestone,  Mount  Silverheels. 

Analyses  B,  C,  and  D  partial,  with  CO,  calculated  to  satisfy  bases. 


A. 

B. 

r. 

D. 

Insoluble 

2.37 

.51 

1.98 

SiO, 

17.64 

.99 

.62 

.18 

trace 

32.23 

19.01 

.07 

3.72 

.05 

25.33 

.08 

ALO. 

Fe,0. 

FeO 

1        .19 

53.64 
.73 

}        .10 

55.50 
.17 

}        .46* 

30.19 
20.47 

MnO 

CaO 

MgO 

Alkalies 

HoO 

.51 

. 

PA 

•       0 

CO, 

42.93 

43.82 

46.52 

Cl 

99.92 

100.37 

• 

*100. 10 

99.62 

4.    PITKIN   COUNTY. 

Limestones  and  dolomites  collected  under  the  direction  of  S.  F. 
£mmons.  Analyses  by  George  Steiger,  record  No.  1669.  CO,  calcu- 
lated to  satisfy  bases.     Analyses  partial  only. 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

7.78 

.88 

.22 

38.85 

9.97 

41.47 

Insoluble . . . 

Fe,03 

FeO 

CaO 

MgO 

CO, 

.16 

.22 

.09 

30.66 

20.94 

47.13 

.80 
1.63 

.23 
31.19 
19.69 
46.16 

1.02 

2.10 

.06 

33.74 

16.76 

44.94 

13.63 

1.88 

.64 

35.98 
8.25 

37.35 

1.42 

3.34 

.42 

31.61 

18.06 

44.70 

31.12 
.36 
.19 

37.28 
.54 

29.88 

99.  20 

99.70 

98.62 

97.73 

99.55 

99.37 

99.17 
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The  following  samples  from  Aspen  were  analyzed  by  L.  6.  Eakins 
in  the  Denver  laboratory.    Partial  analyses,  CO,  calculated  as  before. 
H.  Blue  limestone. 
I.  Limestone. 
J.  Dolomite. 


Insolnble 
Fe,0,  ... 

CaO 

MgO.... 
CO, 


H. 


.52 

.88 

31.16 

20.64 

47.19 


100.39 


I. 


.33 
trace 
55.81 

.16 
44.03 


J. 


100.33 


.84 

1.31 

30.46^ 

20.90 

46.92 


100.43 


5.   GLENWOOD  SPRINGS,  GARFIELD  COUNTT. 

Limestones  and  dolomites  collected  under  the  direction  of  S.  F. 
Emmons.  Analyses,  partial  only,  by  George  Steiger,  record  No.  1559. 
CO,  calculated  to  satisfy  bases. 


Insoluble. 
Fe,0,  .... 

FeO 

CaO 

MgO..... 


A. 

B. 

C. 

D. 

E. 

F. 

21.45 

47.74 

6.47 

3.71 

9.44 

17.82 

.97 

.18 

.42 

none 

.26 

.74 

.23 

.71 

.35 

.55 

.32 

.57 

40.64 

15.87 

46.65 

47.40 

39.56 

26.50 

.73 

10.60 

2.64 

4.49 

8.56 

14.86 

,  32.73 

24.13 

39.55 

42.15 

40.52 

37.18 

96.75 

99.23 

96.08 

98.30 

98.66 

97.67 

G. 


1.96 

.03 

.35 

32.14 

18.72 

45.85 


99.05 


Insoluble 
Fe,0,  ... 

FeO 

CaO 

MgO.... 
00, 


H. 


2.27 

I  •» 

53.79 


.46 
42.76 


99.42 


I. 

J. 
.23 

K. 

L. 

.22 

.06 

.22 

trace 

.09 

none 
none 

.10 
.10 

55.17 

55.49 

55.81 

55.45 

.21 

.24 

trace 

.24 

43.58 

43.87 

43.85 

43.84 

99.18 

99.92 

99.72 

99.95 

M. 


.11 

.03 

.07 

55.68 

trace 

43.75 


99.64 


Bull.  168 lb 
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6.    TENMILE   DISTRICT,    SUMMIT   COUNTY. 

Partial  analyses,  made  in  the  Denver  laboratory,  by  W.  F.  Hillebran< 
CO,  calculated  to  satisfy  bases.  Manganese  and  iron  present  as  ca 
bonates,  but  FegO,  and  AlgOj  were  not  separated  from  them. 

A.  A.  V.  Fletcher  shaft.  Copper  Mountain. 

B.  Pittston  tunnel. 

C.  Middle  Carboniferous,  Pearl  Hill. 

D.  Summit  quarry. 

E.  Dolomite,  Sheep  Mountain. 

F.  Oolitic  limestone,  northwest  corner  of  area. 

G.  Pittston  tunnel. 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

Insoluble . . . 
FeO,  MnO  . . 

CaO 

MgO 

CO, 

2.69 
.21 

54.23 
.21 

42.97 

100.31 

.62 
.25 

55.24 
.24 

43.81 

10.09 
1.19 
28.01 
18.33 
42.63 

1.75 

.32 

53.60 

1.23 
43.65 

.78 

1.50 

30.55 

20.15 

47.04 

1.37 
.20 

55.17 
.28 

43.  76 

7.91 
.32 

50.83 
.70 

40.90 

100.16 

100.25 

100. 55 

100.02 

100.78 

100.66 

H.  Dolomite,  Blackbird  tunnel.  Tucker  Mountain. 

I.  Summit  King  shaft.  Summit  City. 

J.  Middle  Carboniferous  dolomite,  Ptarmigan  Hill. 

K.  Hill  north  of  Sugar  Loaf. 

L.  Quarry  on  southeast  side  of  Searls  Gulch. 

M.  Open  cut  below  Sabbath  Rest  tunnel.  Elk  Mountain. 

N.  Triassic,  Jacque  Mountain. 


H. 

I. 

J. 

K.                 L. 

M. 

N. 

Insoluble . . . 
FeO,  MnO  . . 

CaO 

MgO 

CO, 

2.68 

1.52 

31.60 

18.27 

45.75 

6.75 

3.08 

28.05 

18.15 

43.88 

.65 

1.67 

30.90 

19.75 

47.02 

i 
4. 42     :       .  36 

.10  .17 
52.97     ,  55.58 

. 40  . 37 
42. 12     '  44. 17 

.82 
.07 

55.47 
.22 

43.  86 

100.44 

2.04 
.15 

54.62 
.25 

43.28 

99. 82       99. 91 

99.99 

100. 01      100.  65 

100.34 
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UTAH. 


A.  Marble  from  the  Ontario  mine,  east  end  of  the  1,000 -foot  level. 
Analysis  made  by  L.  6.  Eakins,  in  the  Denver  laboratory. 

B.  Oolitic  sand  from  shore  of  Great  Salt  Lake.    Analysis  by  T.  M. 
Chatard,  record  No.  166. 


Insoluble  in  HCl 

A1,0, 

Fe,0, 

CaO 

MgO 

Alkalies 

00, 

PA 

80, 

H,0 

Organic  matter. . 


A. 


9.61 
trace 


50.63 
.09 


a  39. 89 


100.22 


} 


B. 


4.03 

.20 

61.33 
.72 
.63 
41.07 
trace 
.89 
.83 
.27 


99.97 


a  Calculated  to  satisfy  baseit. 
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NEVADA  AND  CALIFORNIA. 

A.  Crystalline  limestone,  Eureka,  Nevada.  Analysis  by  E.  A. 
Schneider,  record  No.  1279. 

B.  From  base  of  the  Hamburg  limestone.  Eureka  district,  Nevada. 

C.  From  summit  of  Hamburg  limestone,  Eureka. 

D.  Pogonip  limestone  (Silurian),  Eureka  district.  Analyses  B,  C, 
and  D  made  by  W.  F.  Hillebrand  in  the  Denver  laboratory.  De- 
scribed by  Hague  in  Mon.  XX,  pp.  40,  49.  In  D  the  00,  was  taken 
by  difference. 

E.  Cretaceous  limestone  from  Mount  Diablo,  California.  Analysis 
made  by  W.  H.. Melville  in  the  San  Francisco  laboratory  and  pub- 
lished in  Bull.  Geol.  Soc.  Amer.,  vol.  2,  p.  409.  FeO  and  alkalies  unde- 
termined. 

F.  White  deposit,  White  Terrace,  west  shore  of  Pyramid  Lake, 
Nevada.     Analysis  by  T.  M.  Chatard,  record  No.  34. 


Insoluble 

SiO, 

AlA 

FejOs 

FeO 

MnO 

CaO 

MgO 

Alkalies 

H,OatlOO°.... 
H,0  above  100° 

PA 

00, 

Organic  matter. 
CI 


A. 


63 


30.60 
21.69 


B. 


24.00 
.12 
.12 


} 


47.13 


99.96 


41.97 

.80 

traces 

.16 

.07 
32.62 
traces 

.01 

99.87 


3.94 
.64 
.43 
.20 
.61 

51.96 
.52 

traces 


D. 


9.34 
.31 
.29 


}  • 


37 


} 


.50 

40.71 

.03 

.01 

99.92 


50.01 

.54 

traces 

.13 

.24 
39.11 
traces 

.03 

100.00 


E. 


21.19 
-.39 
1.52 


3.61 

35.61 

1.39 


.76 

2.33 

2.55 

26.84 


} 


F. 


22.00 
5.14 
2.04 


37.22 
1.89 


3.32 


28.53 


96.19 


100.14 


/ 


I 
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HAWAIIAN  ISLANDS. 

Coral  and  shell  rocks,  analyzed  for  N.  S.  Shaler  by  L.  G.  E^kius, 
record  Nos.  886,  887,  889.     Analyses  only  partial. 

A.  Laie. 

B,  C.  Kohuku  Bluff. 

D.  Kohuku  coral  flat. 

E.  Point  near  coral  flat. 

F.  "  Modern  chalk,"  Oahu. 

G.  Diamond  Head. 

H.  Under  lava,  Honolulu. 

I.  Old  reef,  Waialua. 

J.  Campbell's  ranch,  Waianea,  Oahu. 

K.  \^ilukuBay. 

L.  Reef  No.  3,  Honolulu. 

M.  Prison  Knoll,  Honolulu. 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

SiO, 

A1,0, 

Fe,08  .... 

CaO 

MgO 

CO, 

H,0 

.35 
1    .19 

49.38 
1.74 

41.89 
4.74 

.19 

1    .52 

49.34 

4.60 

44.33 

.40 

.67 

}    .73 

51.09 

2.50 

43.64 

.79 

.25 
1    .49 

53.34 
.67 

43.89 
.93 

.26 

}  - 

52.17 

1.51 

43.95 

.70 

33.25 
19.53 
10.71 
11.37 

3.06 
11.09 

9.84 

2.97 
1      2.88 

44.82 
5.32 

40.81 
1.86 

98.29 

99.38 

99.42 

99.57 

98.80 

98.85 

98.66 

H. 

I. 

J. 

K. 

L. 

M. 

SiO, 

A1,0, 

FcO,  .... 

CaO 

MgO 

CO, 

H,0 

5.34 
1      5.11 

42.24 
5.95 

38.71 
1.61 

1.05 

}      1.26 

51.07 

.11 

42.68 

1.33 

.53 

1        .62 

50.69 

2.98 

43.96 

.46 

.45 

}   '■''  ] 

50.54 

1.83 
42.80 

1.93 

3.53 
>      2.26 

46.52 
2.45 

40.59 
2.75 

.81 

\      1.19 

52.67 

.42 

42.81 

1.24 

98.96 

97.50 

99.24 

99.37 

98.10 

99.14 
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SI^TES  ANJy  SHAIiES. 

VERMONT. 

Samples  A  to  I,  inclusive,  are  described  by  T.  Nelson  Dale  in  19th 
Ann.,  Part  III.  Analyses  by  W.  F.  Hillebrand,  record  Nos.  1667, 
1656.     Roofing  slates  of  Cambrian  age. 

A.  McCarty  quarry,  South  Poultney. 

B.  Unfading  green,  Eureka  quarry,  Poultney. 

C.  Sea  green,  Griffith  and  Nathaniel  quarry.  South  Poultney. 

D.  Sea  green,  Rising  and  Nelson's  quarry,  Pawlet. 

E.  Sea  green,  Brownell  quarry,  Pawlet. 

F.  Black,  American  Black  Slate  Company,  Benson. 


A. 

B. 

c. 

D. 

E. 

\ 

SiO, 

61.63 

16.33 

4.10 

2.71 

2.92 

.50 

1.26- 

5.54 

.31 

3.24 

.68 

.16 

.09 

.06 

.04 
none 

59.27 

18.81 

1.12 

6.58 

2.21 

.42 

•    1.88 

3.75 

.32 

3.98 

.99 

.11 

.13 

.05 

.21 

.15 

none 

62.37 

15.43 

1.34 

5.34 

3.14 

.77 

1.14 

4.20 

.34 

3.71 

.74 

.06 

.22 

.07 

.87 

.06 

trace 

67.76 

14.12 

.81 

4.71 

2.38 

.63 

1.39 

3.52 

.23 

2.98 

.71 

.07 

.10 

.04 

.40 

.22 

none 

59.84 

15.02 

1.23 

4.73 

3.41 

2.20 

1.12 

4.48 

.41 

3.44 

.74 

.09 

.34 

.09 

2.98 

.05 

trace? 

59.70 

16.98 

.52 

4.88 

3.23 

1.27 

1.35 

3.77 

.30 

3.82 

.79 

.16 

.16 

.08 

1.40 

1.18 

.46 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatlOO°... 
H,0  above  100° 
TiO- 

^ •  >^ji  ......... 

p,o. 

■*"  X^-'O    --------- 

MnO 

BaO 

COj 

FeS, 

* x^'-Ti  ......... 

C 

99.98 

99.98 

99.80 

100.07 

100.17 

100.05 

All  six  contain  tracer  of  lithia,  of  sulphates,  and  of  nickel  or  cobalt 
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G.  Unfading  green,  Valley  Slate  Company's  quarry,  Poultney. 
H.  Mottled,  purple  and  green,  Eureka  quarry,  Poultney. 
I.  Purple,  1  mile  south  of  Hydeville,  in  Castle  ton. 


G. 


H. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

HjOatllO** 

HjOaboTe  110^ 

TiO, 

PA 

MnO 

BaO 

CO, 

FeS, 

F : 

N,a8NH, 


59. 48 

18.  22^ 

1.24 

6.81 

2.50 

.56 

1.55 

3.81 

.17 

4.05 

1.02 

.10 

.07 

.05 

.39 

.13 

.08 

.03 


100.  20 


60.24 

18.46 

2.56 

5.18 

2.33 

.33 

1.57 

4.09 

.18 

3.81 

.92 

.11 

.07 

.03 

.08 

.16 

undet. 

.03 

100.15 


60.96 

16.15 

5.16 

2.54 

3.06 

.71 

1.50 

5.01 

.17 

3.08 

.86 

.23 

.07 

.04 

.68 

none 

undet. 

.01 


100. 23 


All  three  contain  traces  of  lithla,  nickel,  and  chlorine,  and  possibly  of  zirconia;  in 
G  and  H  traces  of  strontia,  but  none  in  I. 
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J.  Slate  from  Guilford,  collected  for  the  Educational  Series  of  Bock 
Specimens.     Analysis  by  L.  G.  Eakins,  record  No.  1316. 

K.  Slate  from  the  Lakeshore  .quarry,  Hydeville.  Analysis  by 
Eakins,  record  No.  1159. 


SiO, . 

AlA 
Fe,0, 

FeO. 

MgO 

CaO. 

Na,0 

K,0. 

H,0. 

TiC. 


PA- 
MnO 

SO,.. 

C... 


J. 


60.72 
22.59 


6.03 
2.05 
.41 
.86 
3.69 
3.01 


.13 
trace 

.57 
10Q.06 


K. 


58.15 

18.93 

2.91 

5.64 

2.70 

.60 

1.17 

3.92 

4.56 

.93 

.12 

.07 

.16 

99.86 
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NEW   YORK. 

Roofing  slates  from  Washington  County,  collected  by  T.  Nelson 
Dale.    Of  Cambrian  age.    Described  by  Dale  in  19th  Ann.,  Part  III. 

A.  Bed,  three-fourths  mile  south  of  Hampton  Village. 

B.  Empire  Bed  Slate  Company,  near  Granville. 

C.  National  Bed  Slate  Company,  Granville. 

D.  Green,  three-fourths  mile  northwest  of  Janesville. 
Analyses  by  W.  F.  Hillebrand,  record  No.  1567. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0. 

K,0 

H,OatllO°.... 
H,0  above  110*' 
TiO, 

PA 

MnO 

BaO 

CO, 

FeS, 


67.61 

13.20 

5.36 

1.20 

3.20 

.11 

.67 

4.45 

.45 

2.97 

.56 

.05 

.10 

.04 

none 

.03 


100.00 


B. 

C. 

D. 

67.55 

56.49 

67.89 

12.59 

11.59 

11.03 

5.61 

3.48 

1.47 

1.24 

1.42 

3.81 

3.27 

6.43 

4.57 

.26 

5.11 

1.43 

.61 

.52 

.77 

4.13 

3.77 

2.82 

.40 

.37 

.36 

3.03 

2.82 

3.21 

.58 

.48 

.49 

.10 

.09 

.10 

.19 

.30 

.16 

.31 

.06 

.04 

.11 

/.42 

1.89 

.04 

.03 
100.38 

.04 

100.02 

100.08 

All  contain  traces  of  lithia,  of  sulphates,  and  of  nickel  or  cobalt.     No  carbonaoeous 
matter  is  present 
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E.  Bed  slate,  from  quarry  3  miles  north  of  Baceville. 

F.  Green  spot  in  E. 

G.  Purple  rim  of  green  spot  F. 

Analyses  by  W.  F.  Hillebrand,  record  No.  1656. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CW) 

Na,0 

K,0 

H,Oatll0*».... 
H,0  above  110« 
1X0, 

PA 

MnO 

BaO 

00, 

FeS, 


£. 

F. 

¥- 
Q. 

63.88 

65.44 

64.59 

9.77 

9.38 

10.23 

3.86 

1.09 

1.79 

1.44 

1.06 

1.19 

6.37 

4.92 

5.12 

3.53 

4.53 

4.07 

.20 

.22 

.23 

3.45 

3.57 

3.70 

.27 

.25 

.28 

2.48 

2.10 

2.29 

.47 

.52 

.61 

.08 

.08 

.08 

.21 

.32 

.26 

.05 

.06 

.05 

5.08 

6.55 

6.84 

trace 

.04 

trace 

100.14 

100.13 

100.23 

Contain  traces  of  lithia  and  nickel.     Fluorine  not  determined. 
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A.  Indurated  Carboniferous  shale,  in  contact  with  the  peridotite 
dike  of  Elliott  County,  Kentucky.  Described  by  Diller  in  Bull.  38. 
Analysis  by  T.  M.  Chatard,  record  No.  351. 

B.  Fragment  of  shale  included  in  the  Elliott  County  dike.  Analy- 
sis by  Chatard,  record  No.  353. 

C.  Bituminous  shale,  Dry  Grap,  Georgia.  Analysis  by  L.  G.  Eakins, 
record  No.  1316.     P.  R.  C.22.     Described  by  Diller  in  Bull.  150,  p.  90. 

D.  Middle  Cambrian  shale,  Coosa  Valley,  near  Blaine,  Cherokee 
County,  Alabama.     Analysis  by  H.  N.  Stokes,  record  No.  1549. 


A. 

B. 

c. 

D. 

SiO, 

41.32 
20.71 
2.59 
5.46 
1.91 
9.91 
7.19 
.88 

35.53 

18.23 

2.46 

4.81 

2.01 

21.17 

2.53 

1.08 

1.40 

9.00 

.95 

.08 

.13 

51.03 

13.47 

8.06 

55.02 

21.02 

5.00 

1.54 

2.32 

1.60 

.81 

3.19 

2.44 

5.65 

.65 

.06 

trace 

.04 

trace 

.03 

.02 

ALO, 

Fe,0, 

FeO 

MffO 

1.15 
.78 
.41 

3.16 

1        .81 

CaO 

Na,0 

K,0 

HjOatllO** 

H.O  above  llO** 

8.78 
.48 
.08 
.17 

TiO, 

P,0» 

.31 

JV-'J        ...................    ...... 

MnO 

BaO 

SrO 

LLO 

SO, 

S 

7.29 

CI 

- 

trace 
.83 
.32 

CO,". 

.55 

.88 

'wx^2  ..................  ........ 

Fixed  carbon 

13.11 
3.32 

Les8  0=S 

100.03 

100.26 

102.90 
2.74 

100.54 

- 

100.16 
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OHIO. 


Three  samples  of  Utica  shale  from  New  Vienna.  Collected  by 
Edward  Orton.  Partial  analyses  by  F.  W.  Clarke  and  R.  B.  Riggs, 
record  No.  731. 


A. 

B. 

c.  • 

Insoluble 

60.17 

17.11 

1.25 

15.24 

29.61 

33.43 

2.16 

27.16 

25.80 

35.27 

1.32 

27.40 

CaO 

MffO 

00, 

x/'v^2  ------------------------------------ 

93.77 

92.26 

89.79 

Iron  and  alomina  are  present  in  the  soluble  portions  of  these  shales,  the  solvent 
being  dilute  hydrochloric  acid. 

MICHIGAN. 

Clay  slate,  sec.  17,  T.  43  N.,  R.  31  W.,  near  Mansfield.  Contains 
principally  quartz,  white  mica,  actinolite,  rutile,  hematite,  and  car- 
bonaceous matter.  Described  by  J.  M.  Clements  in  Mon.  XXXVI, 
pp.  59,  61,  210.     Analysis  by  George  Steiger,  record  No.  1709. 

SiO, 60.28 

AljO, : 22.61 

FeA 2.53 

FeO 45 

MgO 1.35 

CaO 13 

Na,0 54 

K,0 5.73 

H,0  at  100° 60 

H,0  above  100° 3.62 

TiO, 69 

PjOj 03 

MnO trace 

BaO 04 

C 97 

99.57 
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WISCONSIN. 

Slates  of  the  Penokee- Gogebic  series,  collected  by  C.  R.  Van  Hise. 
A  and  C  are  described  in  Mon.  XIX,  p.  306,  as  magnetitic  clay  slates. 
Analyses  by  L.  G.  Eakins,  record  No.  392. 

A.  Sec.  6,  T.  45N.,R.  2  E. 

B.  Sec.  1,  T.  45  N.,  R.  1  E. 

C.  Sec.  4,  T.  44  N.,  R.  2  W. 


SiO,. 

A1,0, 

Fe,0, 

FeO. 

MgO 

CaO. 

Na,0 

K,0. 

H,0. 

PA 
MnO 

Li,0 


A. 


53.44 

19.62 

11.38 

5.35 

1.58 

.42 

2.61 

1.73 

4.07 

trace 

trace 

trace 

100.20 


B. 

c. 

59.  73 

62.58 

22.78 

20.76 

.11 

12.17 

5.98 

4.08 

2.94 

1.33 

.53 

.30 

1.41 

.37 

3.48 

4.87 

3.28 

3.43 

.09 

.21 

trace 

100.33 

100.10 
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COLORADO. 

Shales  from  the  Pueblo  quadrangle,  collected  by  G.  K.  Gilbert, 
A,  B.  Near  Nushbaum  Spring. 

C.  Salt  Creek. 

D.  Head  of  Bock  Creek. 

E.  Near  Rush  Creek. 

Analyses  by  George  Steiger,  record  No.  1466. 


SiO, 

AlA r... 

Fe,0, 

MgO 

CaO 

Na,0 

K,0 

H,OatlOO°.... 
HjO  above  100° 
TiO,  .1 

PA 

CO, 

Organic  matter. 


A. 

B. 

c. 

D. 

E. 

60.80 

51.69 

60.60 

63.60 

45.89 

15.63 

16.50 

16.42 

16.74 

13.24 

4.62 

7.90 

4.95 

4.63 

3.88 

2.73 

2.10 

1.43 

1.19 

2.12 

1.63 

4.41 

1.61 

.68 

12.09 

1.45 

2.07 

.92 

.29 

.47 

2.55 

2.68 

2.98 

2.92 

2.31 

3.19 

3.02 

3.91 

2.88 

1.38 

4.16 

6.00 

5.72 

5.99 

4.16 

.47 

.  66 

.35 

.  66 

.52 

.10 

.22 

3.19 

.53 

.31 

.16 

.17 

10.38 

3.47 

2.87 

.84 

.46 

100.20 

100.97 

100.04 

100.20 

100.08 

Calcareous  shales  from  Fairplay ,  Park  County.     Partial  analyses,  by 
W.  F.  Hillebrand,  made  in  the  Denver  laboratory. 


Insoluble 

Fe,0„  AljG,,  eU! 

FeO,  MnO 

MgO 

CaO 

H,0 

COa,  calculated. 


G. 


...........I 


68.72 
2.10 

5.72 

9.06 

1.01 

13.  41 

100.02 


-35.14 

2.10 

12.55 

19.34 

.73 

30.28 

100.14 
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CALIFORNIA. 

Cretaceous  shales  from  Mount  Diablo.  Described  by  Turner  and 
Melville,  Bull.  Geol,  Soc.  Amer.,  vol.  3,  pp.  383-414.  Anlayses  by 
W.  H.  Melville,  made  in  the  laboratory  at  San  Francisco,  except  F 
(record  No.  1166),  which  was  done  in  the  Washington  laboratory. 

A.  Brownish  black,  resinous.     From  Bagley  Canyon. 

B.  Slate  colored,  soft,  friable,  little  altered.  From  near  Bagley 
Creek. 

C.  Same  locality  as  B,  less  friable,  but  considerably  altered. 

D.  Slate  colored,  friable.     From  Arroyo  del  Cerro. 

E.  Very  friable.     Same  locality  as  D. 


A. 

B. 

c. 

D. 

E. 

SiO, 

A1,0, 

56.66 

17.64 

.49 

5.22 

3.50 

1.67 

2.17 

2.27 

3.01 

5.92 

.15 

53.65 

17.64 

4.06 

3.72 

5.15 

2.27 

2.53 

2.22 

3.95 

4.57 

.23 

trace 

.01 

49.14 

16.91 

4.39 

3.82 

5.43 

3.28 

4.67 

1.53 

3.39 

6.97 

.24 

trace 

.22 

25.05 

8.28 

.27 

2.41 

2.61 

27.87 

undet 

nndet 

1.44 

2.86 

.08 

trace 

4.11 

24.20 

40.17 

12.76 

2.10 

3.56 

15.42 

4.24 

.57 

1.36 

9.19 

6.73 

.08 

trace 

.16 

3.48 

'"•J^^S*  -------------- 

Fe,0, 

*■  ^^^-'•*  -------------- 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatlOO° 

H,0  above  100** 

P-Or 

NiO 

MnO 

.19 

CO, 

SO. 

.93 

•WVi^g       •••-.•..•....... 

99.82 

100.00 

99.99 

99.18 

99.82 

288         ANALYSES  OF  BOCKS,   U.  S.  GEOLOGICAL  SURVEY.         [bull.  168. 


F.  Neocomian  shale,  altered,  light  brown,  friable.  From  near 
Arroyo  del  Cerro. 

G.  Calcareous  shale,  near  Arroyo  del  Cerro.  Hard,  compact,  dark 
colored.     Very  much  altered. 

H.  Red  shale,  metamorphic  area  at  head  of  Bagley  Creek. 

I.  Silicified  shale  or  phthanite,  same  locality  as  H. 

J.  Clay  slate,  near  the  head  of  Yaqui  Gulch,  in  Mariposa  County. 
Described  by  Turner  in  Bull.  150,  p.  342.  Contains  grains  of  quartz 
and  feldspar,  abundant  carbonaceous  particles,  a  chloritic  substance  (?), 
and  a  fibrous  alteration  of  sillimanite  ( ?).  Analysis  by  George  Steiger, 
record  No.  1643. 


r 


SiO, 

AIA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0  at  IW . . . 
H,0  above  100^ 
TiO, 

PA 

CrA 

MnO 

BaO 

CO, 

SO. 

CI 

F 

C 


F. 


} 


45.64 
15.42 
3.40 
3.73 
4.62 
8.11 
3.13 
1.86 

8.74 


.27 
.12 
.33 


4.59 


99.96 


G. 


44.56 
3.12 
1.27 
5.21 
3.39 

12.70 

3.09 

.88 

1.41 

6.24 


.16 


trace 


17.62 


H. 


69.98 

11.69 

6.23 

1.08 

1.29 

.38 

.73 

3.72 

1.03 

2.92 


.05 


.49 


99.65 


99.59 


I. 


93,54 
2.26 
.48 
.79 
.66 
.09 
.37 
.51 
.21 
.72 


.23 


^)9.86 


J. 


60.35 

17.62 

5.64 

2.20 

1.04 

.45 

1.00 

3.16 

1.02 

4.36 

.75 

.17 


none 
.12 

none 
.05 
.01 

trace 

1.72 

99.76 


CLABKB.] 
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CI1A.Y8,  80ILi8,  ETC. 
MASSACHUSETTS. 

Clays  and  soils  from  Marthas  Vineyard,  collected  by  N.  S.  Shaler. 
See  7th  Ann. ,  p.  303.  Analyses  by  F.  W.  Clarke,  record  Nos.  439, 440, 
441,  442,  443,  444,  445,  446,  454,  and  455.     Partial  analyses  only. 

A.  Average  sample  of  white  clay,  east  end  of  Chilmark  Cliflfs. 

B.  Average  sample  of  clays,  Weyquosque  series,  Chilmark  Cliffs. 

C.  Average  sample  of  fine  clay  and  soil,  east  end  of  Weyquosque 
Cliffs. 

D.  Sandy  white  clay,  south  end  of  Gay  Head  Cliffs. 

E.  Average  sample  of  fine  white  clay,  south  end  of  Gay  Head  Cliffs. 


SiO, 

A1,0,.  Fe,0, 

MgO 

CaO 

Na,0 

K,0 

Ignition 

PA 

80, 


A. 


82.95 
13.45 
trace 
none 


3.47 
none 


99.87 


B. 


61.76 

25.35 

1.95 

.51 

1.83 

3.01 

5.76 

trace 


100.17 


c. 


70.81 

20.67 
1.99 

trace 
1.23 
1.67 
3.39 

none 


99.76 


D. 


56.19 
30.65 
trace 
none 


E. 


10.79 
none 
2.45 


100.08 


73.46 

19.06 

trace 

none 

.70 

.73 

6.36 

none 

none 


100.31 


F.  Average  sample  of  clay,  north  end  of  Gay  Head  Cliffs. 

G.  Average  sample  of  southernmost  red  clays.  Gay  Head. 
H.  Brown  clay,  south  of  light-house.  Gay  Head  Cliffs. 

I.  Average  sample  of  red  clay  from  the  greensand,  north  end  of  Gay 
Head. 
J.  Pyritiferous  clay,  central  part  of  Gay  Head  section. 


SiO, 

AIjO,,  Fe,0, 

MgO 

CaO 

Na,0 

K,0 

Ignition  .... 

PA 


49.19 

39.77 

trace 

none 


11.47 
none 


100.43 


G. 


H. 


} 


57.50 

31.21 

.20 

.19 

.40 
9.83 
none 


56.62 

31.24 
1.97 

trace 

.40 

2.76 

7.57 

none 


99.33 


100.56 


I. 

J. 

55.93 

72.  74 

33.51 

21.46 

.19 

trace 

none 

none 

1    iindet. 

undet. 
9.98 

5.69 

j       none 

none 

1      W.ftl 

*V     ^.«^  ' 

\ 


Bull.  168 19 
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NEW  YORK,  PENNSYLVANIA,  DELAWARE. 

A.  Clay,  near  Richfield  Springs,  New  York.     Partial  analysis  by 
Charles  Catlett,  record  No.  946. 

B,  C.  Clays,  Northumberland  County,  Pennsylvania.     Analyses  by 
Charles  Catlett,  i-ecord  No.  952. 

D.  Kaolin,  Hockessin,  Delaware.     P.  R.  C.  149. 

E.  Portion  of  D  insoluble  in  sulphuric  acid. 

F.  Portion  of  D  soluble  in  sulphuric  acid. 

Analyses  D,  E,  and  F  by  George  Steiger,  record  No.  1626. 


SiO, 

A1,0, 

Fe,0. 

MgO 

CaO 

Na,0 

K,0 

H,0  at  IW . . . 
H,OabovelOO*» 
TiO, 

PA 


} 


49.65 

23.82 

trace 
6.48 

undet. 

undet. 

16.18 


} 


96.13 


B. 


} 


66.97 

20.37 

2.76 

.52 

.64 

.06 

3.32 

6.28 


99.90 


} 


c. 

59.16 

18.68 

10.32 

.67 

.62 

.11 

3.36 

6.87 


99.68 


D. 

48.73 
37.02 
.79 
.11 
.16 
.04 
.41 
.52 
12.83 
.17 
.03 

100.81 


E. 


29.55 
18.44 
.27 
trace 
.02 
.02 
.41 


6.84 

.11 

undet 

55.66 


19.18 
18.58 
.62 
.11 
.14 
.02 
none 


5.99 

.06 

undet. 

44.60 
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MARYLAND. 

Clays  from  the  Matawan  fonnation,  received  from  W.  B.  Clark. 
Analyses  by  George  Steiger,  record  No.  1684. 

A.  Below  Barnard's  wharf,  near  Betterton,  Kent  County. 

B.  Severn  River,  below  Round  Bay,  Anne  Arundel  County. 

C.  Magothy  River  near  Wilson's  wharf,  Anne  Arundel  County. 

D.  Fort  Washington  Bluff. 


SiO, 

Al,0,tt 

Fe,0, 

MgO 

CaO 

Na,0 

K,0 

HjOatlW.... 
H,0  above  IW 
80, 


A. 

B. 

c. 

D. 

73.47 

87.15 

82.86 

73.02 

12.69 

6.46 

6.49 

10.00. 

4.62 

2.15 

3.54 

.4.78 

.59 

.27 

.52 

.90 

.15 

.10 

.29 

.57 

.09 

.14 

.16 

.59 

1.55 

.90 

1.16 

1.92 

.89 

.32 

.69 

1.09 

3.85 

1.90 

2.24 

3.07 

.19 

none 

.21 

1.04 

98.09 

99.39 

98.16 

96.98 

a  Titanic  and  phosphoric  oxides  not  separated. 

No  carbonatee  present    Sulphides  undetermined. 
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VIRGINIA,  NORTH  CAROLINA. 

A.  Residual  clay  from  decay  of  Trenton  limestone,  Lexington,  Vir- 
ginia. Described  by  Russell  in  Bull.  62.  Analysis  by  R.  B.  Riggs, 
record  No.  373.     See  also  analysis  of  the  limestone. 

B.  Residual  clay  from  limestone,  Staunton,  Virginia. 

C.  Portion  of  B  soluble  in  weak  hydrochloric  acid. 

D.  Insoluble  portion  of  B.  Analyses  B,  C,  and  D  by  George 
Steiger,  record  No.  1630.     See  also  analysis  of  limestone. 

E.  Decomposed  dolerite,  near  Wadesboro,  North  Carolina.     De-  • 
scribed  by  Russell  in  Bull.  52.     Analysis  by  T.  M.  Chatard,  record 
No.  327. 

*  F.  Residual  clay  from  decay  of  chloritic  schist,  Gary,  8  miles  west 
of  Raleigh,  North  Carolina.  Analysis  by  R.  B.  Riggs,  record  No.  364. 
Described  by  Russell  in  Bull.  52. 


A. 

43.07 
25.07 
15.16 

B. 

c. 

D. 

K. 

P. 

SiO, 

55.90 

19.92 

7.30 

.39 

1.18 

.50 

.23 

4.79 

2.54 

6.52 

.20 

.10 

3.09 
3.96 
6.25 
.30 
.43 
.30 
.20 
.28 

52.81 

15.96 

1.05 

.09 

.75 

.20 

.03 

4.51 

39.55 
28.76 
16.80 

64.54 

26.43 

9.04 

ALO. 

Fe,0, 

FeO 

MgO 

.03 

.63 

1.20 

2.50 

1  12. 98 

.59 

.37 

nndet 

undet 

1    13.26 

.64 

.10 

trace 

trace 

CaO 

Na,0 

K.O 

HjOatllO*'... 
H,OabovellO*» 
TiO, 

1      9.87 

2.10 
.04 
.04 

4.42 
.16 
.06 

P„Os 

Cr,0. 

MnO 

none 
.38 

99.95 

CX), 

.38 
17.37 

none 
80.04 

100.64 

100.07 

99.88 
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SOUTH  CAROLINA,  GEORGIA. 

A,  B,  C.  Clays,  near  Augusta,  Georgia.     Partial  analyses  by  George 
Steiger,  record  No.  1395. 
D.  Kaolin,  Aiken,  South  Carolina.     Analysis  by  Steiger,  No.  1472. 


1 


SiO, 

A1,0, 

Fe,0, 

MgO 

CaO 

Alkalies 

HjOatlOO**  . 
H,Oat200*»  . 
H,Oat300*»  . 
H,0,  ignition 
TiO, 

PA 


} 


A. 

60.24 
26.72 

present 
.88 
undet 

6.28 


94.12 


B. 


} 


61.36 
29.04 

present 
.76 
undet. 

7.46 


98.62 


C. 


60.70 
}    2%?^ 

present 
.68 
undet 

6.74 


97.36 


D. 


44.94 

39.18 

.52 


.47 
.20 
.27 
13.38 
.65 
.12 


99.73 


FLORIDA. 

A.  Hammock  clay,  Melborne  Creek.     Collected  by  N.  S.  Shaler. 
Partial  analysis  by  L.  G.  Eakins,  record  No.  881. 

B.  Clay,  Tampa. 

C.  Clay,  Lakeland. 

B  and  C  collected  by  W.  H.  Dall.     Analyses  by  L.  G.  Eakins,  record 
Ko.  1255,  partial. 


SiO, , 

A1,0„  Fe,0, 

MgO 

CaO 

H,0 


A. 

B. 

c. 

38.04 

27.19 

.46 

10.73 

(T23.61 

70.78 
11.33 

80.39 
15.03 

2.18 
14.65 

1.22 
4.34 

100.98 

100.03 

98.84 

a  Includes  some  CO^. 
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Clays  collected  by  G.  H.  Eldridgc. 

D,  E.  From  the  Sandlin  place,  2  miles  southeast  of  Marion,  Hamil- 
ton County. 

F.  From  Richmond's,  6  miles  south  of  Leejsburg,  Lake  County. 

G,  H.  From  Bartow  Junction. 

Analyses  D,  E,  and  F  by  H.  N.  Stokes,  record  No.  1493;  G  and  H 
by  George  Steiger,  No.  1645. 


• 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

CaO 

HjOatlW.... 
H,0  above  100*» 

PA 

CO, 


D. 


15.68 
.61 
.45 


} 


17.28 
26.11 

1.97 

trace 
37.90 


100.00 


E. 


78.23 
7.30 
1.85 


2.11 
1.60 


I   aS. 


48 
trace 


99.57 


r. 


84.41 
11.02 
trace 


} 


trace 
.20 

rt4. 25 
trace 


99.88 


G. 


H. 


79.99 

10.82 

3:25 

.25 

.07 

.23 

.90 

4.09 


79.48 

12.14 

2.64 

.09 

.07 

.SI 

.86 

4.73 


none 


none 


99.87 


100. 32 


a  IncludeH  a  little  CO}. 

1.  "Filtering  clay,"  Ocala.     Received  from  D.  T.  Day.     Analysis 
by  H.  N.  Stokes,  record  No.  1738. 

PiO, 36.73 

Al^O, 27.78 

FejO, 3.21 

MgO 64 

CaO 81 

Na,0 none 

K,0 42 

H,OatllO*» 7.38 

H,0  above  110° 12.14 

TiOa 1.27 


PA 


5.54 


CO, none 

Organic  matter 3. 61 


99.53 
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ALABAMA,   MISSISSIPPI. 

A.  Kaolin,  Greenville,  Alabama.  Contains  about  40  per  cent  of 
kaolin,  with  fragments  of  quartz,  feldspar,  and  mica.  Analysis  by  T. 
M.  Chatard,  record  No.  1148. 

B.  Residual  clay  from  decay  of  Knox  dolomite,  Morrisville,  Ala 
bama.     Described  by  Russell  in  Bull.  52.     Analysis  by  W.  F.  Hille- 
brand,  record  No.  797.     See  also  analysis  of  the  dolomite. 

C.  Loess  from  Vicksburg,  Mississippi.  Described  by  Chamberlin 
and  Salisbury,  6th  Ann.,  p.  282.  Analysis  by  R.  B.  Riggs,  record 
No.  294. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MgO 

OaO 

Na,0 

K,0 

HjOatllO'* 

H,0,ign... 
TiO, 

PA 

MnO 

(X), 

C,  organic  . . 

80, 

CI 


69.84 

19.91 

.90 


.28 
.07 
.21 

2.14 
.06 

6.72 


trace 


100.13 


B. 


55.42 

22.17 

8.30 

trace 

1.45 

.15 

.17 

2.32 

2.10 

7.76 


99.84 


C. 


60.69 
7.96 
2.61 
.67 
4.56 
8.96 
1.17 
1.08 


1.14 
.52 
.13 
.12 

9.63 
.19 
.12 
.08 

99.62 
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ILLINOIS,  IOWA,  MINNESOTA. 

A,  B.  Clays  from  Henn-  County,  ILKnoi.«<.  Analyses  by  T.  M. 
Chatard,  record  No.  144. 

C.  Loess,  a  stratum  overlying  residuary  clay,  350  feet  above  the 
Mississippi  River,  near  Galena,  lUinois.  Described  by  Chamberlin 
and  Salisbury,  6th  Ann.,  p.  282.  Analysis  by  R.  B.  Riggs,  record 
No.  293.     Dried  at  100^. 

D.  Loess,  300  feet  above  the  Mississippi,  3i  miles  northwest  of 
Dubuque,  Iowa.  Described  by  Chamberlin  and  Salisbury  {L  c.)^  and 
analyzed  by  Riggs,  No.  292.     Dried  at  100^. 

£.  Tallow  clay,  lead  mine  at  Lansing,  Iowa.  Collected  by  W.  P. 
Jenney.  Analysis  by  H.  N.  Stokes,  record  No.  1337.  Dried  at  100^. 
Partial  analysis. 

F.  Greenish-gray  clay.  New  Ulm,  Minnesota.  Analysis  by  T.  M. 
Chatard,  record  No.  825. 


A. 

46.12 

B. 
42.58 

C. 

64.61 

I). 
72.68 

E, 

F. 

SiO, 

52.08 

61.32 

A1,0, 

15.24 

12.16 

10.64 

12.  as 

23.11 

12.27 

Fe,Os 

4.41 

3.90 

2.61 

3.53 

9.34 

3.62 

FeO 

.51 
3.69 

.96 
1.11 

4.18 
1.76 

MgO 

3.63 

4.32 

2.12 

CaO 

8.63 

11.33 

5.41 

1.59 

1.04 

.  99 

Na,0 

1.54 

1.96 

1.35 

1.68 

undei.. 

42 

K,0 

3.79 

3.88 

2.06 

2.13 

undet 

3.59 

H,0 

15.57 

18.64 

2.05 

2.50 

9.80 

10.73 

TiO, 

PA 

.79 
.08 

.64 
.10 

.40 
.06 

.72 
.23 

.66 
.27 

MnO 

ZnO 

.28 

.09 

.(X) 

.06 

.27 

trace 
trace 

Pb() 

liaO 

, 

.05 

j    CO, 

6.31 
.13 

.39 
.09 

"•♦•*""*"" 

1                     X         V-'JJ        ..•••••• 

1 

(',  onfanic  . . 

.......... 

SO, 

.11 
.07 

.51 
.01 

100.22 

.19 

'    01 

1 

100.08 

97.49 

99.60 

100. 0() 

100.32 
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WISCONSIN. 

Clays,  etc.,  described  by  Chamberlin  and  Salisbury  in  6th  Ann.,  pp. 
250  and  282.  Analyses  by  R.  B.  Riggs,  record  Nos.  259,  260,  261,  262, 
290,  295.     Dried  at  100^ 

A.  Residuary  clay  from  Dodgeville,  4i  feet  below  surface. 

B.  The  same,  8i  feet  below  surface. 

C.  Residuary  clay  from  near  Cobb,  4i  feet  below  surface. 

D.  Same  as  C,  8i  feet  below  surface. 

E.  Red,  putty-like  clay,  containing  pebbles,  Milwaukee. 

F.  Red  pebble  clay,  Milwaukee. 


A. 

B. 

C. 

D. 

£. 

F. 

SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,0 

TiO, 

PA 

MnO 

CO, 

C,  organic  .. 
SO, 

71.13 

12.50 

5.52 

.45 

.38 

.85 

2.19 

1.61 

4.63 

.45 

.02 

.04 

.43 

.19 

49.59 

18.64 

17.19 

.27 

.73 

.93 

.80 

.93 

10.46 

.28 

.03 

.01 

.30 

.34 

49.13 

20.08 

11.04 

.93 

1.92 

1.22 

1.33 

1.60 

• 

11.72 
.13 
.04 
.06 
.39 
1.09 

53.09 

21.43 

8.53 

.86 

1.43 

.95 

1.45 

.83 

10.79 

.16 

.03 

.03 

.29 

.22 

40.22 

8.47 

2.83 

.48 

7.80 

15.65 

.84 

2.36 

1.95 

.35 

/    .05 

trace 

18.76 

.32 

.13 

.06 

48.81 

7.54 

2.53 

.65 

7.05 

11.83 

.92 

2.60 

2.02 

.45 

.13 

.03 

15.47 

.38 

.05 

.04 

CI 

100.39 

100.50 

100.68 

100.09 

100.27 

100.50 
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MISSOURI,  ARKANSAS. 

A.  TVpical  loess,  Kansas  City,  Missouri.  Dried  at  100" .  Described 
by  Chamberlin  and  Salisbury,  6th  Ann.,  p.  282.  Analysis  by  R.  B. 
Biggs,  record  No.  291. 

B,  C,  D,  E.  Tallow  clays,  Joplin,  Missouri.  Collected  by  W.  P. 
Jenney.     Analyses  by  T.  M.  Chatard,  record  No.  1210. 

F.  Tallow  clay,  Aurora,  Missouri.  Collected  by  Jenney.  Analysis 
by  Chatard,  No.  1210.  In  analyses  B,  C,  D,  E^  and  F  the  peroentegee 
of  bases  relate  to  the  portion  soluble  in  hydrochloric  acid.  Analyses 
only  partial. 


Insoluble. 

SiO, 

A1,0, 

FeA  .- 
FeO 

MgO 

OiO 

y«,o 

KjO 

H,0 

TiO, 

PA 

MnO 

ZnO 

CO, 

C,  oigmnic 

SO, 

a 


B. 


40.  &( 


c. 


D. 


E. 


43.0; 


39.34 


39.(12 


74.46 

12.26 

3.25 

.12 

1.12 

1.69 

1.43 

1.83 

2.70 

.14 

.09 

.02 

.49 
.12 
.06 
.05 


99.83 


99.38 


Wt.  Ho 


100. 9S 


100.17 


M.OI 


5.72 
L30 

7.60 
1.12 

6.17 
1.16 

6.45 
1.53 

laoi 
3.e2 

o-     1 
1.80 

.32 
1.70 

.27 
2.13 

.30 

1.77 

> 

.25 
2.08 

[                  1 

17. 19 

16.74 

17.63 

16.95 

16.96 

1 

32.46 

29.43 

a4.28 

33.55 

33.49 

t                 : 

t 

10a46 


The  following  partial  analyses  by  H.  N.  Stokes,  record  No.  1260,  all 
relate  to  tallow  olay:>  collected  by  W.  P.  Jenney.  The  same  remaiiLs 
apply  as  to  B,  C.  D.  E.  and  F.    ' 

G.  Cave  Springs  mine,  Jasper  County,  Missouri. 

H.  Great  Western  mine,  Granbv,  Missouri. 

I,  J,  K.  Woodcock  mine,  Granby,  Missouri. 

L.  Coon  Hollow,  Boone  County,  Arkansas. 

Material  dried  at  10:3-. 
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G. 

H. 

1. 

J. 

K. 

L. 

Insoluble 

Soluble  SiO,.. 

A1,0, 

Fe,0, 

ZnO 

34.89 
16.75 

7.38 
10.34 
14.35 

1.55 

11.25 
32. 89 
10.78 

3.89 
29.54 

2-65 

2.41 
36.71 

8.21 

2.75 
38.59 

2.77 

16.17 

28.62 

8.93 

5.98 

26.23 

2.01 

3.85 
37.08 

6.46 

3.49 
38.90 

2.56 
.42 

7.52 

18.18 

29.02 

6.34 

4.40 

30.50 

1.91 

CaO 

• 

MbO 

.35              .90 
10. 37            8. 22 

• 

.78             .46 

.75 

*    O^'  --------- 

Ignition 

7.99 

9.19 
97.59 

8.36 

95.98 

100.12 

100.21 

100.28 

99.46 

COLORADO. 

A.  Loess,  Denver. 

B.  Loess,  Highland. 

C.  Concretion  in  loess,  Wray. 

A,  B,  and  C  collected  by  S.  F.  Emmons,  analyses  by  L.  G.  Eakins, 
record  No.  1066. 

D.  Clay,  Davis  ranch,  Pueblo  quadrangle. 

E.  Clay,  head  of  Rock  Creek,  Pueblo  quadrangle. 

D  and  E  collected  by  G.  K.  Gilbert,  analyses  by  George  Steiger, 
record  No.  1457. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oat  100^... 
H,0  alx)ve  100° 
TiO, 

PA 

MnO 

COj 

Organic  matter. 


I 


A. 

69. 27 
13.51 
3.74 
1.02 
1.09 
2.29 
1.70 
3.14 

4.19 


.--  Jk_ 


.45 
trace 
trace 


) 


B. 

60.97 

15. 67 

5.22 

.35 

1.60 

2.77 

.97 

2.28 

9.83 


100.40 


.19 

trace 

.31 


} 


100.16 


70.63 
10.43 
2.58 
.48 
1.13 
4.64 
1.29 
2.50 

3.77 


.20 


2.59 


10Q.24 


D. 


63.52 

24.  72 

.43 


.13 

.30 

trace 

trace 

1.58 

8.41 

.68 

trace 


.40 
100.17 


I 


76.56 

8.30 

.38 


.24 

.12 

trace 

trace 

1.26 

4.40 

.60 

.0(\ 


8.31 
100. 23 


i 
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F.  From  Red  Creek  Canyon,  8outh  part  Colorado  Springs  quad- 
rangle. 

6.  From  2  miles  southeast  of  F. 

H.  From  near  Canyon. 

I.  Overlying  H. 

Collected  as  probable  fire  clays  by  6.  K.  Gilbert.  Analyses  by 
Greorge  Steiger,  record  No.  1578.  Fe,0,  represents  total  iron.  A1,0, 
includes  TiO,.  In  I,  the  ignition  includes  some  CO,,  which  is  absent 
from  the  others. 


100.21 


(;. 


85.09 

86.  7« 

6.98 

8.29 

1.10 

.75 

.27 

.13 

.21 

.34 

none 

none 

.13 

.25 

6.37 

3.78 

.06 

.05 

100.36 
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J  to  K.  Supposed  fire  clays  collected  in  the  area  of  the  Apishapa 
sheet,  by  G.  E.  Gilbert  Analyses,  partial,  by  H.  N.  Stokes,  record 
No.  1508.  Titanium  present,  alkalies  undetermined.  Analyses  made 
on  ignited  material,  reckoned  as  100.  The  loss  on  ignition  is  separately 
stated  below  each  analysis. 


SiO,.. 
A1,0,. 
Fe,0,. 
MgO. 
CaO.. 


Xgnition 


J. 

K. 

L. 

M. 

86.58 

78.07 

76.96 

61.98 

12.72 

20.22 

20.77 

37. 51 

.45 

.89 

1.11 

.45 

.11 

.26 

.32 

.09 

.11 

.71 

.19 

98.97 

99.44 

99.87 

100.22 

4.75 

7.61 

7.98 

12.61 

N. 


93.11 

6.66 

1.16 

.10 

.32 


100.24 
4.45 


SiO,  . 
A1,0, 
Fe,0, 
MgO. 
CaO. 


Ignition 


O. 


85.98 

13.67 

.41 


.21 


100.27 
5.07 


P. 


85.26 

11.46 

2.24 

.21 

.26 

99.41 
4.81 


64.93 

43.66 

.69 

.06 

.64 


99.96 
16.80 


R. 


58.56 

39.17 

.66 

.46 

1.08 


99.81 
19.68 


S.  Loess-like  alluvium,  Golden,  Jefferson  County. 
T.  Fire  clay,  Golden,  Jefferson  County. 

Analyses  S  and  T  made  by  W.  F.  Hillebrand  in  the  Denver  labora- 
tory. 


SiO, 

A1,0, 

Fe,Os 

MgO 

CaO 

Na,0 

K,0 

H,0-|-organic  matter 

PA 


& 

T. 

72.31 

50.35 

12.66 

34.44 

4.67 

.75 

.94 

trace 

1.15 
2.47 

.10 

3.75 

.48 

1.80 

13.88 

.23 

99.98 

100.00 

t 
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WYOMING,  UTAH,  NEW  MEXICO. 

A.  Loess,  Cheyenne^  Wyoming.     Analysis  by  L.  G.  Eakins,  record 
No.  1066. 

B.  Adobe  soil,  Salt  Lake  City^  Utah. 

C.  Adobe  soil,  Santa  Fe,  New  Mexico. 

D.  Adobe  soil,  Fort  Wingate,  New  Mexico. 
Analyses  B,  C,  and  D  by  Eakins,  Nos.  981,  W(\ 


SiO,.. 
A1,0„ 
Fe,0, 
FeO.. 
MgO. 
CaC. 
Na,0. 
K,0.. 
H,0.. 

PA. 
MnO. 

CO,.. 

80,  .. 

a.... 


Organic  matter. 


67.10 

10.26 

2.62 

.31 

1.24 

5.8S 

1.42 

2.68 

5.09 

.11 


3.67 


100.28 


B. 


19.24 
3.26 
1.09 


C. 


2.75 

38.94 

trace 

trace 

1.67 

.23 

trace 

29.57 

.53 

.11 

2.96 

100.35 


66.69 

14.16 

4.38 


1.28 

2.49 

.67 

1.21 

4.94 

.29 

.09 

.77 

.41 

.34 

2.00 

99.72 


D. 


26.67 
.91 
.64 


.51 

36.40 

trace 

trace 

2.26 

.76 
trace 
25.84 

.82 

.07 
5.10 

99.97 
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NEVADA. 

A.  Grjtyish  clay  from  Upper  Lahontan  lake  beds,  Humboldt  River 
bridge,  Mill  City. 

B.  Grayish  clay,  Lower  Lahontan  beds,  same  locality.     Analyses  by 
T.  M.  Chatard,  record  Nos.  32,  83. 

C.  Adobe  soil,  Humboldt.     Analysis  by  L.  G.  Eakins,  record  No. 
981. 

D.  Halloysite,  pale  greenish,  Lucia  mining  district,  Elko  County. 
Analysis  by  George  Steiger,  record  No.  1472. 


SiO, 

AlA 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatlOO*».... 
H,Oat200*».... 
H,Oat300*»..., 
H,0,  ignition . . 

PA 

MnO 

CuO 

CO, 

SO, 

a 

Organic  matter. 


A. 


56.30 

16.52 

5.08 


2.64 
5.45 
2.60 
2.17 

9.78 


100.54 


B. 


) 


50.70 
•19.01 


3.19 

10.26 

1.91 

2.16 

\    13.03 


100.26 


c. 


44.64 

13.19 

5.12 


2.96 

13. 91 

.59 

1.71 

3.89 

.94 
.13 


8.55 
.64 
.14 

3.43 

99.84 


D. 


42.11 
33.83 
.04 
.28 
.30 
.33 


6.54 

1.07 

1.26 

12.04 

trace 


2.83 


100.63 
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CALIFORNIA,  WASHINGTON,  HAWAIIAN  ISLANDS. 

A.  Sandy  clay,  Owens  Lake,  California. 

B.  Blue  clay,  Owens  Lake,  Galifornia.     Analyses  by  T.  M.  Ghatard, 
record  No.  551. 

C.  Clay  from  foot  of  Rickey  Hill,  Kittle  Falls,  Stevens  County, 
Washingtx>n.     Analysis  by  W.  F.  Hillebrand,  record  No.  1428. 

D.  Lava  soil.  Diamond  Head,  Hawaiian  Islands.    Analysis  by  L.  G. 
Eakins,  record  No.  888. 


SiO, , 

AJ,0, 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 , 

K,0 

H,OatllO*>..., 
H,0  at  redness. 
TiO, 

PA 

MnO 

8rO 

CO, 

80, 

01 


A. 


53.24 

10.84 

2.50 

.77 

5.82 

9.18 

2.06 

2.64 

1.41 

2.73 

.25 


B. 


.10 


8.75 
.08 
.05 

100.51 


54.92 

11.25 

2.77 

.94 

4.91 

8.76 

2.10 

2.77 

2.05 

2.40 

.30 


.08 


7.24 
trace 
trace 

100.49 


C. 


} 


62.74 
16.45 
2.62 
1.91 
2.41 
3.68 
3.05 
3.53 

2.69 


trace 

trace 

.65 


99.73 


D. 


32.88 
12.02 
11.52 


} 


11.70 
12.20 

ondet. 

undet 

5.30 


.24 
trace 


11.41 


.91 


98.18 
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Abearokite 97,99,103 

Acmite-trachyte 123 

Actinolite-magnetite-schist 83 

Adinole 69 

Adobesoil 302,303 

Alaakite 228 

Albite 21,23,34 

Aleutite 229 

Amphibole 116,190,206,208 

Amphibole-biotite-granite 208 

Amphibole-gabbro 206 

Amphibole-schist 217 

^  Amphibolite 27,31,32,66,197 

Amygdaloid 53 

Analcite 34,146 

Analcite-basalt 146 

Andalusite-homfels 210 

Andalusite-schist 210 

Andesite 19, 

51,  90,  91,  97,  98,  108,  109,  114, 
119,  141,  145,  148,  153,  166,  170, 
171,  174,  176,  181,  182,  183,  188, 
191,  193,  203,  212,  222,  226,  227 

Aridesite-basalt 176 

Andesite-perlite 175 

Andesite-porphyry 119 

Anorthoclase 77,123 

Anorthoeite 36,37 

Aplite 94,129,192,207,229 

Aporhyolite 40 

Ai^ilHte 195,196 

Arkose-gneiss 33 

Asperite 212 

Augite 63,140,146,170 

Augite-aleutite 229 

Augite-andesite 98,141 

Augite-andesite-porphyry 89, 93 

Augite-belugite 229 

Augite-bronzite-andesite 226 

Augite-diorite 147,161,164 

Augite-granite 198 

Augite-latite 205 

Augite-mica-syenite 140 

BuU.  168 20 


Augite-microcline-granite 55 

Augite-  oligoclase  -  scapolite  -  biotite 

rock 229 

Augite-porphyrite 167 

Augite-porphyry 112 

Angite-syenite 95,204 

Augite-syenite-porphyry 95 

Augite-Vogesite 130 

Banakite 101,102 

Barkevikite 133 

Basalt 35,39, 

61, 62, 63, 68, 92, 109, 110,  111,  113, 
130, 132, 138, 140, 144, 145,146,169, 
170,171,173, 175, 176, 184, 185, 186, 
189, 191, 202, 218, 220, 222, 223, 225 

Basanite 61,171 

Belugite 229 

Biotite.- 116 

Biotite-augite-latite 205 

Biotite-diorite 44 

Biotite-gneisB 72 

Biotite-granite 30,46,47,208 

Biotite-porph3rrite .  .* 155 

Biotite^uartz-monzonite 192 

Biotite-trachyte 98 

Boltonite 33 

Bostonite 19 

Bronzite 43 

Bronzite-norite 67 

Camptonite 23, 26, 110, 162, 163, 197 

Cancrinite 22 

Cement  rock 253,257,259 

Chert 250 

Chiastolite-Bchist 210 

Chloritic  gneiss 48 

Cbloritic  granite 27 

Clay 289,290,291,292,293,294, 

295, 296, 297, 298, 300, 301, 303, 304 

Clay  slate 284,288 

Coquina 255 

Coral 256 

Coral  rock 255,256,277 

Cordierite-homfels 'i& 
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Page. 

Cortlandtite 43 

Dacite 86,91, 

106, 107, 149, 174, 177, 179, 180, 203 

Dacdte-porphyry 106,177 

Diabase 20,26, 

30, 37, 50, 52, 73, 76,-96, 121,141, 
193,  194,  209,  211,  213,  217,225 

Diabase-diorite 213 

Diabase-porphyrite 121,217 

Diabase-porphyry 193 

Diabasic  basalt 138 

Diallage 75,76 

Diallage-gabbro 81 

Diopeide 43,86 

Diorite 25, 

26, 45,  52,  55,  67, 71,  83, 87,  88,  94, 
96, 118, 121, 122, 126,  130,  137, 147, 
158,  159,  160,  161,  164,  177,  190, 
191, 192, 200, 201, 204, 209, 226, 227 

Diorite-monzonite 163 

Diorite-porphyrite 121 

Diorite-porphyry 72, 

126,158,161,192,200 

Dolerite 68,140,189 

Dolomite 252, 

253, 258, 263, 264, 270, 272, 273, 274 

Danite 54 

ElBBolite 21,23 

ElBBolite-syenite 21, 23, 39, 123, 144 

Enstatite 28 

Enstatite-diabase-porphyry 141 

Epidote-chlorite-schist 53 

Feldspar : 21,23, 

34, 41, 49, 73,  74,  75,  77, 82, 170, 220 

Feldspar-porphyry 130 

Felsite 51 

Felsophyre 51 

Ferrodolomite 267 

Fulgurite 220 

Gabbro 3tt,37, 

41, 44, 55, 59, 67, 70, 81, 82, 83, 92, 93, 
95,97, 122, 137, 163, 198,206,214, 225 

Gabbro-diorite 44,71,83,93 

Gabbro-porphyry 97,163 

Garnet 56 

Genthite 221 

Glaucophane-schist 211, 213 

Gneiss 27,33, 

47, 48, 54, 65, 66,  72, 83, 200, 201, 202 

Granite 25,27, 

30,4i5, 47, 55, 56, 59, 66, 77,80,94, 96, 
116, 117, 118, 120, 125, 129, 134,141, 
142, 158,  164, 187, 192, 198, 199, 207 


Granite-porphyry  . .  25, 120, 125, 168, 207 

Granitess^enite-porphyry 126, 1S4 

Granitite 24,120,142,141,199 

Granitoid  gneiss 27,142 

Granodiorite 139,187, 

190, 194, 195, 196, 197, 198, 199, 224 

Granodiorite-porphyry 224 

Granulite 192,207 

Graywacke 75 

Greenstone 64,71,72 

Gninerite-magnetite-echist ... 64 

Halloysite 303 

Hornblende 133 

Homblende-andesite 90, 

108, 176, 181, 188, 227 

Homblende-angite-andesite 97 

Hornblende-basalt 186 

Homblende-diorite 44 

Homblende-gabbro 67 

Hornblende-granite 27 

Homblende-granitite 120 

Homblende-mica-andesite 91, 

94, 107, 108 

Homblende-mica-porphyrite 160 

Homblende-mica-porphyry 89 

Homblende-mica-syenite 130 

Homblende-picrite 114,124 

Homblende-porphyrite 155, 

164, 167, 173, 194 

Hornblende-porphyry 89 

Homblende-pyroxene-andesite. . .       90, 

97, 188, 193 

Homfels 26,210 

Homstone 122 

Hydraulic  cement  rock 253 

Hydronephelite 21 

Hypersthene 81, 153 

Hypersthene-andesite 114, 

153, 174, 176, 182, 183, 188, 193 

Hypersthene-augite-andeeite 222 

Hypersthene-basalt 220 

Hypersthene-gabbro 44,81 

Ilmenite 56 

Iron  carbonate 265,266 

Jasperite 250 

Kaolin 290,295 

Keratophyre 33,77 

Kersantite 110 

Kimberlite 56 

Kyanitic  schist 230 

Lamprophyre 112,113,162,163,165 

Lapilli 184 

Latite 205 


TSDSX  TO  BOOKS. 


307 


Page. 

LavasoU .-      304 

Lepidomelane 21 

Leacite-abearokite 97,99 

Lencite-banakite 102 

Leucite-baaalt 132 

Leucite-monchiquite 132 

Leucite-ehoBhonite 100 

Leacit^Hsyenite.i. 133 

Leudtite 136 

Lherzolite 42 

limbui^te 38 

limeetone 17,252, 

253,  254,  255,  257,  258,  259,  260, 
261,  262,  263,  264,  268,  269,  270, 
271,  272,  273,  274,  275,  276,  277 

Litchfieldite 21 

Lithoidite 104 

Loees 295,296,298,299,301,302 

Madupite 85 

Magnetite 75,83 

Marble 252,255,258,275 

Marl 263 

Melaphyr 202 

Metaandesite 191,203 

Metabasalt 68 

Metadacite 203 

Metadolerite 68 

Meta-quartz-diorite 55 

Metarhyolite 187 

Meteorites 231-244 

Mica 21,50,85,202,208,218 

Mica-andesite 170 

Mica-baaalt 173 

Mica-dacite 107,149 

Miea-diorite 67,72 

Mica-gabbro 92 

Mica-peridotite 58 

Mica-schist 66,83,210 

Microcline 49 

Micropegmatite 207 

Microperthite-homfels 26 

Minette 39,128 

Missourite 133 

Monchiquite 60,122,128,130 

Monzonite 93,118,128,133, 

135, 137, 139, 162, 163, 166, 192, 200 

Nepheline 21,23 

Nepheline-basalt 62,63,144 

Nepheline-basanite 171 

Nepheline-melilite-basalt 63 

Nepheline-syenite 21, 33, 39, 123, 144 

Nevadite 156 

Norite.. 36,37,45,67,83 


Page. 

Novaculite 65 

Obsidian 104, 119, 172, 212, 217, 219 

Olivine 66,81,221 

Olivine-basalt 35,189,218 

OUvine-diabase 76,226 

Olivine-gabbro 44,81,122,206 

Oolitic  sand 276 

Orendite 86 

Orthoclaae 23,155,166 

Orthoclase-gabbro-diorite 93 

OttreUte 60 

Ottrelite-phylUte 60 

Ouachitite 60 

Pantellarite 60 

Pegmatite 207 

Peridotite 30, 

38, 54, 56, 58, 64, 114, 147, 191, 221 

Perlite 108,176 

Phlogopite 85 

PhonoUte 33, 62, 84, 143, 144, 171 

Phonolitic  andesite 170 

Phthanite i..      288 

PhylUte 26 

Picrite 67,114,124 

Picrite-porphyry 67 

Pitchstone 35,119,129,150,168 

Plagioclase 49 

Plagioclase-basalt 61,145,171 

Plagioclase-gneiss 201 

Porphyrite 112, 120, 121, 155, 157, 

160, 164, 167, 173, 179,  199, 200, 217 

Porphyrite-diorite 160 

Porphyry 23.24,25,40,52,59, 

67,  72, 77, 89, 92,  93,  94,  95, 96,  97, 
106, 107, 112, 119, 124, 125,126, 129, 
130, 134, 135, 141, 154,155, 158, 166, 
167, 177, 192, 200, 204,  207, 226, 228 

Pseudo-diabase  211 

Pseudo-diorite 211 

Pseudo-leucite-sodalite-tinguaite . .      136 

Pseudo-leucite-syenite 133 

Pumice 219 

Pyroxene 111,165,220 

Pyroxene-andesite 108, 

109, 145, 171, 181 

P3rroxene-mica-diorite 87 

P3rroxene-porphyry 87 

I^xenite 42,43,53,213 

Quartz-alunite  rock 161 

Quartz-andesite 193 

Quartz-banakite 102 

Quartz-basalt 184,186 

Quart2-biotite-honib\sadft^<^f^ .       A& 
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Page. 

Quartz-diaspore  rock 169 

Quartz-diorite 94,121,190,192,200 

Quartz-diorite-gneiBB 200 

Quartz-diorite-porphyry 94, 192 

Qaartz-gabbro 55 

Quartz  -  hornblende-  mica-porphy- 

rite V      157 

Quartzite 78,79,80 

Quartz-keratophyre 77 

Quartz-mica-diorite...  88,89,94,192,209 

Quartz-mica-diorite-porphyry 94 

Quartz-monzonite 118, 

137, 139, 163, 192, 200 

Qoartz-norite-gneifiH 83 

Quartz-pantellarite 60 

Quartz-porphyrite 157,160,194,200 

Quartz-porph3rrite-schi8t 200 

Qnartz-porphyry 23, 

40, 52, 72, 119, 124, 129, 166, 226 

Qoartz-pyroxene-diorite 204 

Quartz-pyroxene-mica-diorite 87 

QuartzHSchist 50 

Quartz-syenite 95,135 

Quartz-6yenite-iK>rphyry 126, 136 

Quartz-tourmaline-porphyry 129 

Quartz-trachyte 19 

Rhyolite 20,52, 

53, 104, 105, 106,  108, 119,  129, 130, 
138, 149, 150, 152, 156, 159,161, 164, 
166, 168, 174, 178, 187, 188,  219, 221 

Sandstone 17, 

19, 57, 244, 245, 246, 247, 248, 249 

SauBBurite-gab.bro 70 

Saxonite 221 

Schist.-.-..--  50,53,64,65,66,70,71,72, 
83, 84, 200, 210, 211, 213, 217, 230 

Sericite-schist 50,65 

Serpentine 28, 

29, 33, 189, 195, 212, 215, 216, 224 

Shale 17,57,283,284,286,287,288 

Shell  rock 256,277 

Shonkinite 128,136 

Shoehonite 100,103 


Page. 

Siliceous  sinter 251 

Slate. . .  79, 278, 279, 280, 281, 282, 284, 285 

SodaUte 22,134 

Sodalite-syenite 133 

Solvsbergite 123 

Spherulites 152 

Spilosite 69 

Syenite 21,24, 

25,  39,  95,  121,  123,  125,  126, 130, 
132, 133, 134, 140, 144, 151,  161, 204 

Syenite-diori  te-porphyry 126 

Syenite-porphyry 24, 95, 125, 204 

TachyUte 36 

Talcoee  schist 72 

T&llowclay 296,298 

Teschenite 19 

Theralite 123,124 

Tinguaite 123,136,165 

Tonalite 30,229 

Tonalite-aplite 229 

TordrilUte 229 

Tourmaline-biotite-schist 84 

Trachy-andesitic  breccia 131 

Trachyte 19, 

98, 106, 123, 131, 145, 147, 172 

Trachyte-andeeite 98 

Trachytic  phonolite 144 

Trachytic  rhyolite 105,106 

Travertine 268 

Uralite-diabase 195 

Uralite-diorite 191 

Vitrophyre 161,221 

Vogesite 130 

Volcanic  ash 219 

Volcanic  glass 115,152,168 

Volcanic  sand 116,184 

Volcanic  tuff 20 

Webeterite 43,53,213 

WehrUte 33,67,114 

Wollastonite-gneiss 202 

Wyomingite 86 

Yogoite ^ 136 
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ALTITUDES  IN  ALASKA. 


BY  HENRY  GANNETT, 


Locality. 


Achilles  Mountain, 


Adakh  Island 

Adams  Mountains 

Agassiz  Mountain 

Agassiz  Peak 

Aghik  Island  (Semidi  Islands) 

Affhiyuk  Island  (Semidi  Islands) 

Akutan  Island  (Fox  Islands) 

Alikhsemit  Island  (Semidi  Islands) 

Amagat  Island 

Amak  Island %... 

Amatignak  Island 

Ambler  Peak 

Amlia  Island 

Amukta  Island 

Ancon  Peak  ( Woronkofski  Island) 

Anowik  Island  (Semidi  Islands) 

Anvil  Mountain  (Annette  Island) 

Arkell  Lake 

Arm  Mountain 

Arthur  Peak 

Atka  Island 

Augustine  Island 

Avatanak  (Fox  Islands) 

Bainbridge  Peak 

Bald  Ridge  (Annette  Island) 

Barlow  Mountain  (Mansfield  Peninsula) 

Bay  Point  Knoll 

Beauclerc  Peak 

Behm  Mountain 

Bell  Island 

Bence  Mountain 

Berry  Knoll 


Authority. 


Beny  Peak  ( Wrangell  Island) 

Bessie  Peak 

Between  Mountain 

Big  Diomede  Island  (Bering  Strait) 

Big  Mountain 

Blackburn,  Mount 

Black  Crag 

Black  Mountain 

Black  Mountain 

Black,  Mount 

Black  Thorn 


U.  S.  Coast  and    Geodetic 

Survey. 
....do. 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
do 
do 
do 
do 
do 
.do 
do 


Elevation. 


U.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 

.....ao 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


Feel. 
3,027 

5,678 
7,600 
2,241 
5,931 

250 
1,500 
3,888 

300 
1,900 
1,682 
1,921 
3,058 
1,900 
3,738 
3,300 

650 
2,157 
2,700 
2,177 
3,434 
4,988 
»3,000 
1,207 
3,467 
2,241 
2,142 
2,108 
2,500 
2,867 
2,500 
4,800 

894 

2,500 
4,130 
1,526 
1,759 
8,750 

12,500 
5,895 
1,883 
5,130 

12,500 
4,010 


1  Approximate. 
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[BULL.  IM. 


Locality. 


Bobrof  Island 


Bohemian  Range 


Boundary  Mountain 

Buldir  Island 

Butler  Peak 

Calder,  Mount  (Prince  of  Wales  Island) . . . 

Campbell  Mountains 

Cane  Mountain 

Carlisle  Island  (Islands  of  Four  Mountains) 

Carter.  Mount 

Caacaae 


Authority. 


U.  8.  Coast  and  Geodetic  Sur- 
vey. 

do 


do 
.do 
do 
do 
do 
do 
do 


Case,  Mount 

Chapeau  Mountain .J do 

Chenango  Mountain  (Annette  Island) do 

Chichagof  Peak do 

ChilkatPaas 

ChilkootPass 

Chipp  Peak 

Chisana  Mountain 

Chowiet  Island 


U.  S.  Geological  Survey 

U.  S.  Coast  and  Greodetic  Sur- 

...:^^o 


Eleyation. 


1,392 


{ 


Chugatch  Mountains. 
Chugul  Island 


Clara,  Mount 

Cleveland,  Mount  (Islands  of  Four  Mountains) 

Coghlan  Island 

Cone  Mountain 

Cook,  Mount 


Copper  Mountain  Range 
Cosmos  Range 


Cove  Hill 

Cranberry  Peak 

Crater  Lake  (Chilkoot  Pass) 


Crater  Mountain 

Crillon,  Mount 

Cross  Mountain 

D' Acelet,  Mount 

Dahlgren  Peak 

Dana  Peak 

Davison  Mountain  (Annette  Island) 

DeLong  Peak 

Devils  Thumb 

Dome  Mountain 

Dome  Peak 

Drum,  Mount 

Dry  Island 

Duke  Hill  (Duke  Island) 

Du  Relle,  Mount 

Dyke  Mountain 

Eads  Peak 


£!agJe  Crag. 


do 
do 
do 


U.  S.  Greological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 


vey. 

U.  S.  Geological  Survey 


U.  S.  Coast  and  Geodetic  Sur- 
vey. 

...io 

.....do 

do 

do 

do 


U.  8.  Geological  Survey 


U.  S.  Coast  and  Geodetic  Sur- 
vey. 

ao 

U.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 


ve 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


U.  S.  Geological  Survey 

do 

U.  S.  Coast  and  Geodetic  Sur- 

...:% 


2 
2 

r 

4 

1 
1 

3 
5 
6 
7 
4 
3 

5 
2 
2 
2 
3 
3 
2 
3 


to 


6 
4 


6 

8 

2 

13 

4 

1 

6 
3 


5 
3 


15 
2 
9 
3 
4 
2 
3 
9 
2 
6 

13 
2 

4 

6 


144 
589 
784 
805 
145 
153 
371 
500 
100 
500 
700 
900 

510 
000 
987 
600 
100 
500 
532 
200 
200 


000 


000 
300 


000 
156 
436 
718 
758 
000 
to 
000 
279 


619 
200 
500 

633 
900 
597 
708 
502 
260 
652 
737 
062 
100 
500 
300 
460 
540 
300 
700 
636 


5,705 
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Locality. 


East  Peak 

Edgecombei  Mount. 


Elbow  Mountain , 

Emmerich.  Mount 

Entry  Peak  (Prince  of  Wales  Island) 

Ericson  Peak 

Etolin,  Mount 

Evans,  Mount 

Everett  Peak 


Eairweather,  Mount . . . 

FanshaW)  Mount 

Fawn  Mountain 

Fighting  John  Peak... 
F£ure  Four  Mountain. 
UDmore  Peak 


FlagHiU 

Flat  Mountain 


Fortymile  Dome. 
Fox  HiU , 


Francis,  Mount. 
Franklin  Peaks 


Do 

Fulton  Peak 

Gable  Mountain. . 

Gap  Mountain 

Gi^loi  Island 

Grarrett  Peak 

Glacier  Mountain. 

Glacier  Mountain 
Golden  Horn 


Grant  Peak 

Gray  Peak 

Great  Sitkin  Island 

Haeckel  Hill 

Hall  Peak 

Hamilton,  Mount. . . 
Hancock  Peak 


Harbor  Peak 

Harold,  Mount 

Harrison,  Mount 

Harry  Saddle 

Hawthorne  Peak 

Haves,  Mount 

Helmick  Mountain 

Herbert    Island    (Islands    of    Four    Moun- 
tains). 

Hog  Back 

Horn  Mountain 

Howard,  Mount  (Kuiu  Island) 

Hmnp  Knoll 

Hunt  Peak 

Iliamna  Peak 

Insignificant  Ridge  (Annette  Island) 

Irving  P€»k 


Authority. 


U.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 

...:% 

do 

do 

do 

do 

U.  S.  Geological  Survey 

U.  S.  Coast  and  Greodetic  Sur- 

...:io :..., 

do 

do 

do 

U.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 

U.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 

U.  S.  G^logical  Survey 

U.  S.  Coast  and  Greodetic  Sur- 
vey. 

U.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 

...:% 

do 

do 

do 

do 

XJ.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 

U.  S.  (Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 

...!!Jo 

do 

do 

do 

do 

U.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 

...:% 

do 

do 

do 

do 

U.  S.  Geological  Survey 

do 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 

ao 

do 

do 

do 

do 

do 

do 

do 


Elevation. 


4.900 
800 


4 
6 
1 
4 
S 
5 


16 
2 
2 
5 
2 
3 

1 
1 


4 
4 

3 
3 
4 
3 
5 
5 


6 
6 

6 
4 
6 
3 
3 
2 


2 
3 
6 
2 
4 
14 
2 
5 


2 
2 
3 
3 
12 


111 
940 
400 
296 
778 
400 
645 

292 
818 
112 
078 
200 
633 

200 

800 

900 
563 

800 
314 

909 
252 
490 
400 
334 
700 
769 

000 
400 

291 
694 
033 
900 
726 
000 
851 

200 
430 
955 
088 
021 
500 
000 
291 


300 
929 
340 
116 
494 
066 
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Locality. 


Authority. 


Iskoot  Mountain 


Jade  MotintainB 

Jamestown  Peak 

Janesville  Mountain  (Annette  Island) 

Jenkins  Peak 

Jabilee  Mountain 

JdayHill 

Kane  Peak , 

Kasatocki  Island 

Kateekhuk  Island 

Kate,  Mount 

Kates  Needle 


Elevation. 


Kat^t^  Mountain 

Keelikhtagikh  Island  (Semidi  Islands) 

Kimball,  Mount 

Knob 


Koniuji  Island  (Aleutian  Islands) 

Korovm  Volcano  (Atka  Island) 

Kusilvak  Mountain 

Kyska  Island 

Landslide 

Lansdowne,  Mount 

La  Perouse,  Mount 

Laura,  Mount 

Lazaro.  Mount  (Duke  Island) 

Leadville  Mountain 

Lincoln  Peak 

Little  Sitkin  Island  (Aleutian  Islands) 

Lituya  Mountain 

Lockwood  Peak 

Logan,  Mount 

Longfellow  Peak 

Lome,  Mount 

McDonoueh,  Peak 

McGrath,  Mount 

McKinley,  Mount 

McMillan  Mountains 


Madison  Peak 

Makushin  Mountain 
Marr,  Mount 


Marshall  Mountain 
Marshall  Peak 


Maury  Peak 

Ma^er  Peak 

Meiklejohn  Pass. 
Mentasta  Pass . . . 
Michie  Mountain 


Miners  Range 


Missionary  Ridge 


Mooaehom  Mountain 


do 

do 

do 

do 

do 

do 

do 

do 

U.  8.  Geological  Survey 

U.  S.  Coast  and  Greodetic  Sur- 

...yrio 

do 

U.  8.  Geological  Sur\'ey 

U.  S.  Coast  and  Geodetic  Sur- 

...:^jio 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

U.  S.  Geological  Sur\'ey 

U.  S.  Coast  and  Greodetic  Sur- 

...y^jo 

do 

U.  8.  Coast  and  Geodetic  Sur- 
vey. 

U.  8.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 

..!!lo 

U.  8.  Geological  Survey 

do 

do 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 


do 


.do 


U.  S.  Geological  Survey 


FoA. 

4,799 

3,500 
2,940 
2,620 
3,292 
6,380 
631 
3,292 
1,018 
1,200 
4,600 
9,954 

4,170 

750 

10,000 

4,250 

1,113 
4,852 
2,449 
3,700 
4,798 
6,140 

10,740 
7,527 
1,767 
1,797 
4,894 
3,585 

11,832 
3,510 

.9,000 
2,955 
6,400 
2,873 
6,179 

20,464 
3,500 

2,507 
5,474 
2,447 

5,200 
3,017 

5,566 
6,100 
4,500 
2,300 
5,540 

4,000 

to 
4,500 
2,450 
2,650 
2,715 
2,851 
5,000 


ALTITUDES   IN   ALASKA. 


Louiitr. 

«.0,.»,,. 

Eleyaa™. 

How  MotmUin 

n.  S.  Cout  andGeodeticBiu- 

"3o 

1,631 
1,956 

VudCtbcier 

5,426 
2,921 
8,734 

TlairyPB-t 

2,353 
1,879 
6,000 
4,300 
6,600 

Hotch  Mountain 

do 

OntiftMoont. 

D.  a  Geological  SmreT 

U.a  Court,  andGeodeticSur- 

...:% 

I    5,000 

I     7,000 

6,623 
4,798 

2,656 
2,447 

4;068 
6,000 
2,843 

2,404 
5,485 
6,000 
4,060 

2,600 

1,000 
1,647 

18,024 

U.  8.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sut^ 

Bicli  Motmtain 

fiipinski.  Mount 

V.  8.  Geological  Sun-ey 

U.  S.  Coastand  Geodetic  Sur- 

U.  S.  Geoli^cal  Survey 

U.  S.  Coastand  Geodetic  Sur- 

V.  S.  Geological  Survev 

U,  a  CoaatandGeodetwSur- 

do 

7,103 
14,000 

U.  a  Geological  Suney 

U.  S.  Coastand  Geodetic  8ur- 

2,683 
10,000 
2,098 

....  do 

1    3,600 

1    4,000 
4,250 
'4,000 
5.900 

1,500 

U.  S.  Geological  Survey 

U.  a  Coast  and  Geodefic  Sur- 
vey. 

U.  e.  Geolopcal  Survey 

1,700 
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Locality. 


Shishaldin  Volcano  (Unimak  Island) 

Simpson,  Mount 

Simpson  Mountains 


Snow  Cap 

Snow  Tower 

Snowy  Mountidn 

South  Island  (Semidi  Islands) . . . 

South  Quadra  Mountain 

Spirit  Mountain 

Split  Top  Mountain 

Spuhn  Island 

Stephens  Mountain 

Stnpe  Mountain 

Stuart  Mountain  (Stuart  Islfuid) . 

Sugar  Loaf  Mountain 

Sukhlikh  Island  (Semidi  Islands) 

Summit  Glaciers 

Summit  Peaks , 

Sunny  Mountain 

Sunset  Island 


Survey  Mountains 

Sushitna,  Mount 

Taku  Mountain 

Tamgas  Mountain  (Annette  Tjland) . 

Tanaga  Island 

Tangent  Peak 

Tent  Mountain 

Terrace  Mountain 

The  Nipples 


The  Sisters. 


Thomas, Mount  ... 
Thunder  Mountain 


Tiealda  Island 

TiUman,  Mount 

Tohtankella  Mountain 


Trout  Hill 

Tsesiuh  Mountains 

Turner,  Mount 

Twin  Peaks 

Vancouver,  Mount 

Verstovaia,  Mount 

Villard,  Mount 

Vsevidof  Volcano  (Umnak  Island) 

Wagner,  Lake 

Warm  Spring  Mountain 


Washington  Peak 
Waterfall  Peak . . . 
Webster  Peak 


Authority. 


U.  S.  Coast  and  Geodetic  Sur- 
vey. 

U.  S.  Geological  Survey 

U.  S.  Coast  and  C  ^odetic  Sur- 

...:io 

do 


do 
.do 
do 


U.  S.  Geological  Survey 
do 


do 
do 
do 
do 
.do 
do 
do 


U.  S.  Geological  Survey 

do 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 

.....ao 

do 

do 

do 

do 

do 

do 

U.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 


.do 


U.  S.  Greological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 
do 

U.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 

ao 

do 

do 

do 

do 

do 

do 

do 


U.  S.  Geological  Survey 

U.  S.  Coast  and  Geodetic  Sur- 
vey. 

...io 

do 

do 


ElevatioiL 


JFteeL 
8,d52 

5,200 
6,500 

5,078 
77100 
5,577 

250 
1,764 
3,000 
2,100 

246 

331 
2,300 

483 
5,259 

200 
5,700 
5,800 
4,400 

404 

2,916 
5,500 
2,170 
3,684 
6,975 
2,449 
7,100 
6,000 
2,900 

1,021 
1,325 
1,308 
1,369 
1,555 
1,680 
1,593 
1,589 
1,350 
5,400 
3,080 

1,207 

13,300 

3,000 

893 
3,500 
5,953 
6,638 
15,666 
3,216 
5,100 
8,000 
1,900 
3,370 

3,557 
3,403 
3,254 
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Locality. 


Authority. 


do 


West  Peak U.  S.  Greological  Survey 

Whipple,  Mount ',  IT.  S.  Coast  and  GeodeticSur- 

vey. 

White  Paas 

Wilkes  Peak 

Willoughby  Island ! do 

WrangellPeak ' do 

Wrangell,  Mount do 

Wright,  Mount do 

Do 

Yellow  Hill  (Annette  Island) 

Yenlo  Mountain 

Young,  Mount 


do 
do 


U.  S.  Geological  Survey 

U.  S.  Coastand  Geodetic  Sur- 


.  Yukon  HUls. 


Yunaska  Island 


vey. 


.do 

do 


Elevation. 


Peel. 
5,600 
6,033 

2,886 
3,156 
1,545 
8,800 
17,500 
4,944 
6,300 
554 
4,000 
5,260 

1,000 
to 
2,500 
2,864 
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LETTER  OF  TRANSMFITAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 
Washington,  D.  C, ,  February  21,  1900. 
Sir:  I  have  the  honor  to  transmit  herewith  a  detailed  report  relat- 
ing to  the  survey  of  the  boundary  line  between  Idaho  and  Montana 
from  the  international  boundary  to  the  crest  of  the  Bitterroot  Moun- 
tains. 

I  wish  to  make  acknowledgment  of  the  valuable  services  rendered 
in  this  connection  by  Messrs.  S.  S.  Gannett  and  D.  L.  Reabum,  in 
field  and  office,  and  by  Mr.  E.  T.  Perkins,  jr.,  in  the  field.  Mr.  Gan- 
nett prepared  the  greater  portion  of  the  mat-erial  relating  to  latitude, 
longitude,  base  line,  azimuth,  and  triangulation. 

Very  respectfully, 

Richard  U.  Goode, 

Oeographer, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeologiccd  Survey, 
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SURVEY  OF  THE  BOUNDARY  LINE  BETWEEN  IDAHO 

AND  MONTANA  FROM  THE  INTERNATIONAL 

BOUNDARY  TO  THE  CREST  OF  THE 

BITTERROOT  MOUNTAINS. 


By  Richard  U.  Goode. 


INSTRUCTIONS. 

The  survey  of  the  boundary  line  between  Idaho  and  Montana  was 
provided  for  by  the  Fifty-fourth  Congress  in  the  sundry  civil  act 
approved  June  4,  1897. 

The  following  correspondence  is  self-explanatory: 

Department  of  the  Interior, 
United  States  Geological  Survey, 

Washington,  D,  C,  June  5, 1897, 
The  honorable  the  Secretary  of  the  Interior. 

Sir:  In  response  to  your  verbal  reqnest,  1  have  the  honor  to  transmit  herewith 
suggested  instructions  relating  to  the  survey  of  the  boundary  line  between  Idaho 
and  Montana. 

I  am,  with  respect,  your  obedient  servant, 

Ohas.  D.  Walcott,  Director, 

instructions  relating  to  the  survey  of  the  boundary  line  between 

idaho  and  montana. 

Included  in  the  act  making  appropriations  for  sundry  civil  exx)en8es  of  the  Gov- 
ernment for  the  fiscal  year  ending  June  80, 1898,  and  for  other  purposes,  is  found 
the  following  law:  ^ 

For  surveying  that  portion  of  the  boundary  line  between  Idaho  and  Montana 
beginning  at  the  intersection  of  the  thirty-ninth  meridian  with  a  boundarjr  line 
between  the  United  States  and  the  British  possessions,  including  the  retracing  of 
so  much  of  the  international  boundary  line  as  may  be  found  necessary  for  the 
determination  of  said  intersection,  then  following  said  meridian  south  until  it 
reaches  the  summit  of  the  Bitterroot  Mountains,  and  for  locating  points  on  said 
meridian  by  triangulation  from  the  Spokane  base  of  the  United  States  Geological 
Survey,  and  on  the  continuation  of  said  boundary  line  along  the  Bitterroot  Moun- 
tains between  Idaho  and  Montana,  seven  thousand  six  hundred  and  fifty  dollars, 
or  so  much  thereof  as  may  be  necessary,  to  be  immediately  available:  Provided, 
That  the  Secretary  of  the  Interior  shall  direct  that  the  survey  shall  be  executed 
under  the  supervision  of  the  Director  of  the  Geological  Survey  by  such  persons 
as  may  be  employed  by  or  under  him  for  that  purpose,  and  such  survey  wiall  be 
executed  under  instructions  to  be  issued  by  the  Secretary  of  th«  liit«n«t\  PTwnA«^ 
further.  That  the  plats  and  field  notes  thereof  pxepaxe^  e»Yi«\\  \^  ^v^tq-^^  ^a^^ 
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certified  to  by  the  Director  of  the  Geological  Sarvey,  and  three  copies  thereof  shall 
be  returned,  one  for  filing  in  the  snrveyor-generfikl^s  office  of  Idaho,  olie  in  the 
snryeyor-general*s  office  or  Montana,  and  the  original  in  the  General  Land  Office. 

In  carrying  out  the  provisions  of  the  law  above  quoted  three  special  prooeflses 
are  involved: 

First.  The  accurate  location  of  the  thirty-ninth  meridian  on  the  ground  by  tri- 
angulation  from  the  Si)okane  base  of  the  United  States  G^logical  Survey,  includ- 
ing the  retracing  of  so  much  of  the  international  boundary  line  as  may  be  foand 
necessary  for  the  determination  of  the  intersection  of  the  thirty-ninth  meridian 
with  the  said  boundary  line,  as  well  as  for  locating  points  on  the  continnation  of 
the  boundary  between  Montana  and  Idaho  along  the  sunmiit  of  the  Bitterroot 
Mountains. 

Second.  The  marking  on  the  surface  of  the  ground,  by  proper  monuments,  of 
the  boundary  as  determined. 

Third.  The  preparation  of  the  necessary  plats  and  field  notes. 

With  reference  to  the  above,  the  following  instructions  will  be  observed: 

LOOATING  THB  BOUNDARY. 

The  Spokane  base  of  the  United  States  Geological  Survey  is  referred  to  the 
meridian  of  Greenwich,  and  the  thirty-ninth  meridian  above  mentioned  has  for 
its  initial  point  the  meridian  of  the  old  Naval  Observatory  at  Washington.  By 
applying  the  proper  correction  and  referring  the  thirty-ninth  meridian  west  of 
Washington  to  the  meridian  of  Greenwich,  the  result  is  that  the  meridian  to  be 
determined  as  the  boundary  line  between  Idaho  and  Montana  is  116^  08'  02".80 
west  of  Greenwich. 

The  triangulation  from  the  Spokane  base  will  be  extended  eastward  so  as  to  accu- 
rately locate  the  intersection  of  the  meridian  above  mentioned  west  from  Green- 
wich with  the  summit  of  the  Bitterroot  Mountains.  It  may  be  that  this  identical 
point  can  not  be  located  directly  by  triangulation,  but  a  point  as  near  thereto  as 
may  be  possible  should  be  so  located,  and  from  this  the  exact  point  should  be 
determined  by  careful  traverse  based  on  an  astronomic  or  calculated  azimuth 
and  distances  determined  by  direct  chaining  or  stadia  measurement,  whichever 
may  be  most  practicable.    \ 

After  the  point  referred  to,  namely,  the  intersection  of  the  meridian  116°  03'  02'. 80 
west  from  Greenwich  with  the  summit  of  the  Bitterroot  Mountains,  has  been 
determined,  the  triangulation  is  to  be  extended  northward,  locating  as  many 
jxnnts  as  may  be  practicable  as  near  as  may  be  to  the  boundary  line  between 
Idaho  and  Montana  until  the  international  boundary  is  reached.  From  the  points 
so  located  by  triangulation  other  points  exactly  on  the  boundary  will  be  deter- 
mined by  traverse  in  the  manner  hitherto  mentioned.  The  international  bound- 
ary line  is  supposedly  on  the  forty-ninth  parallel  of  latitude.  It  will  not,  however, 
answer  the  purpose  to  rely  on  the  location  of  this  parallel  from  the  Spokane  base, 
but  it  must  be  determined  with  reference  to  an  existing  monument  or  monuments, 
being  carefully  retraced  until  its  point  of  intersection  with  the  meridian  is  exactly 
located. 

The  distance  along  the  international  boundary  from  the  nearest  monument,  or 
the  monument  recovered,  to  the  point  of  intersection  will  be  determined  either  by 
triangulation  or  direct  measurement  with  chain  or  stadia  or  a  cx>mbination  of  the 
two  methods. 

After  points  as  above  described  have  been  located  on  the  boundary  line  between 
Idaho  and  Montana  from  the  international  boundary  to  the  summit  of  the  Bitter- 
root Mountains,  these  points  yrill  be  joined  by  true  meridian  lines,  so  that  a  suffi- 
cient number  of  points  on  the  boundary  in  addition  may  be  determined  to  fulfill  the 
oonditioDB  made  neceeat^y  under  the  provisions  hereinafter  mentioned  for  mark- 
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ing  the  line.  Upon  the  completion  of  the  survey  and  marking  of  the  portion  of  the 
honndaryllne  coincident  with  the  thirty-ninth  meridian,  the  triangulation  will  be 
extended  in  a  sontheasterly  direction  so  as  to  locate  points  on  the  continuation  of 
the  said  boundary  line  along  the  Bitterroot  Mountains. 

All  triangulation  will  be  executed  in  accordance  with  instructions  issued  by  the 
Director  of  the  United  States  Geological  Survey  under  date  of  February  15,  1897. 

In  running  lines  between  points  located  on  the  boundary  the  following  instruc- 
tions will  be  observed: 

The  instrument  used  must  be  a  first-class  transit  instrument,  reading  to  minutes 
or  lees,  with  or  without  solar  attachment,  but  provided  with  stadia  wires,  and 
most  be  kept  constantly  in  adjustment.  In  running  the  line,  double  back  and 
fore  sights  with  telescope  direct  and  reversed  must  be  taken,  in  order  to  guard 
against  errors  resulting  from  imperfect  adjustment  of  the  line  of  collimation.  It 
is  absolutely  necessary  to  follow  this  method  whenever  meridian  lines  are  run, 
in  order  to  avoid  errors  in  the  course. 

When  offset  lines  are  necessary,  the  notes  must  fully  explain  the  procedure, 
and  a  diagram  of  such  offsets  must  be  inserted  after  the  verbal  description. 

Observations  on  Polaris  for  azimuth  must  be  taken  on  the  line  every  night, 
weather  and  other  circumstances  permitting,  and  the  record  of  such  observations 
must  be  given  in  detail  in  the  notes  in  the  manner  as  described  in  the  Manual  of 
Surveying  Instructions  for  .the  Survey  of  the  Public  Lands  of  the  United  States, 
issued  by  the  Commissioner  of  the  General  Land  Office  under  date  of  June  30, 1894. 

Temporary  marks  will  be  established  on  the  preliminary  or  random  lines  between 
located  points,  and  on  reaching  a  closing  point  the  departure  therefrom  will  be 
noted.  The  true  line  yrill  then  be  established,  and  permanent  marks  placed  by 
shifting  the  positions  of  the  temporary  marks  with  a  swing  proportionate  to  the 
closure  error  and  distances.  Distances  along  the  line  will  be  carried  by  stadia  or 
chaining,  so  that  it  will  be  possible  to  locate  accurately  all  monuments  established, 
as  well  as  all  topographic  and  cultural  features.  The  distances  thus  obtained  will 
be  checked  in  closing  from  one  located  point  to  another. 

A  full  description  of  all  monuments,  the  character  of  the  timber  and  soil,  the 
distances  to  the  crossing  of  all  bridges,  rivers,  lakes,  outlines  of  wooded  areas, 
railroads,  roads,  trails,  and  other  prominent  features  will  be  fully  recorded  in  the 
field  notes,  and  a  sketch  of  the  topographic  features  adjacent  to  the  boundary  line 
will  be  made,  as  well  as  from  each  triangulation  station  on  or  near  the  line  and 
from  any  traverse  that  may  be  run  in  connection  vfith  the  line.  Intersections  will 
be  made  whenever  possible  on  all  important  objects  susceptible  of  location. 

The  magnetic  declination  will  be  determined  in  connection  with  each  transit 
observation  on  the  line. 

MARKINQ  THE  LINE. 

Monolithic  monuments  will  be  placed  on  the  boundary  at  the  following  places: 
Near  the  Northern  Pacific  Railway,  near  the  Great  Northern  Railway,  and  near 
the  north  bank  of  the  Kootenai  River.  These  monuments  are  to  be  6  feet  long 
and  10  inches  square,  minimum  dimensions,  and  are  to  be  placed  in  a  truly  verti- 
cal position,  set  3  feet  in  the  ground  and  "with  their  faces  directed  to  the  cardinal 
points.  They  are  to  be  of  undressed  stone,  except  for  a  space  sufficient  to  cut  the 
words  ** Idaho"  and  "Montana'' on  the  west  and  east  sides,  respectively,  which 
will  be  dressed  smooth,  and  tn  >  letters  shall  be  2  inches  high,  of  proportionate 
width  and  of  the  style  known  as  Egyptian.  The  same  kind  of  monuments  will  be 
placed  on  the  lino  at  the  international  boundary  and  at  the  summit  of  the  Bitter- 
root  Mountains  if  it  shall  be  found  practicable  to  transport  them  in  one  mass, 
otherwise  they  will  be  prepared  in  the  quarry  in  every  respect  similar  to  those 
mentioned  above  and  will  then  be  sawed  into  sections  of  such  size  as  to  be  T^a^l^^ 
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transported  on  pack  mnles  to  their  deRtinatioiiB.  They  yriU  then  be  firmly  and 
secnrely  cemeted  with  Portland  cement  and  ecitablished  in  the  same  manner  as  the 
other  stone  monuments.  The  monument  on  the  international  boundary  in  addi- 
tion to  having  the  inscription  *  *  Idaho  "  and  *'  Montana  "  on  the  west  and  east  sides, 
respectively,  will  have  '* Canada"  inscribed  on  the  north. 

Intermediate  between  the  stone  monuments  above  described  will  l>e  placed  at 
prominent  summits,  road,  trail,  or  streiam  crossings,  at  distances  not  exceeding  a 
mile  apart,  and  intervisible  whenever  possible,  wrought-iron  posts  6  feet  in  length, 
3  feet  of  which  shall  be  above  ground  and  8  feet  below  the  surface,  with  a  brass 
cap  similar  in  general  design  to  the  standard  iron  posts  used  by  the  United  States 
Geological  Survey.  The  cap  surmounting  the  post  will  be  inscribed  as  below,  the 
line  cut  on  the  cap  being  coincident  with  the  boundary  line: 

IDAHO 
BOUNDARY 


LINE 
MONTANA 

Under  each  post  will  be  placed  a  stone  marked  with  charcoal  or  a  vial  filled 
with  ashes. 

It  is  assumed  that  generally  a  soil  surface  for  the  insertion  of  the  stone  or  iron 
posts  can  be  found  sufficiently  near  the  points  it  is  desired  to  establish  the  monu- 
ments. If,  however,  the  exact  point  should  fall  on  rock  at  the  international 
boundary  or  the  summit  of  the  Bitterroot  Mountains,  a  hole  will  be  chiseled  in 
the  rock  to  a  depth  of  about  8  inches  and  a  little  larger  than  the  base  of  the 
monument.  Into  this  hole  the  monument  will  be  firmly  cemented  with  the  best 
Portland  cement.  If  fhe  point  for  the  location  of  one  of  the  iron  posts  should 
fall  on  a  rock  surface,  a  copper  plug  similar  to  that  used  by  the  United  States 
G^logical  Survey  will  be  cemented  in  the  rock  and  a  truncated  conical  mound 
of  stone,  not  less  than  2^  feet  high  and  5  feet  broad,  will  be  placed  to  the  north 
of  the  point  at  a  distance  of  4  feet  from  it.    The  copper  plug  will  be  stamped  as 

MONT. 

follows:  and  will  be  properly  oriented. 

When  suitable  bearing  trees  are  found  within  a  distance  of  100  feet  of  a  stone 
monument  or  iron  post,  they  must  be  marked  on  the  side  facing  the  corner  in  the 
manner  prescribed  in  the  manual  for  special  comers. 

In  addition,  each  iron  post  will  be  witnessed,  when  possible,  by  mounds  of  earth 
or  stone,  one  in  Idaho  and  one  in  Montana,  the  material  for  the  mounds  to  be 
taken  from  pits,  one  north  and  one  south  of  the  post,  dug  crosswise  of  the  line. 
The  pits  will  be  3  feet  east  and  west,  2  feet  north  and  south,  and  1  foot  deep,  and 
their  centers,  as  well  as  the  centers  of  the  mounds,  will  be  4  feet  from  the  center 
of  the  iron  post. 

PLATS  AND  FIELD  NOTES. 

Special  attention  is  called  to  the  provisions  of  the  law  relating  to  plats  and  field 
notes. 

All  plats  and  field  notes  shall  be  approved  and  certified  to  by  the  Director  of  the 
Geological  Survey,  and  four  copies  thereof  shall  be  returned— one  for  filing  in  the 
surveyor-general's  office  of  Idaho,  one  in  the  surveyor-j^eneral's  office  of  Montana, 
one  in  the  office  of  the  Geological  Survey,  and  the  original  in  the  General  Land 
Office.    All  field  notes  must  be  transcribed  on  a  typewriting  machine. 

The  results  of  the  topographic  notes  will  be  embodied  in  a  map  which  will  be 
drawn  on  a  scale  of  1  inch  to  a  mile.  Detailed  diagrams  of  the  points  on  the  inter- 
national boundary  and  at  the  intersections  of  the  Bitterroot  Mountains  yrill  be 
msde. 
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All  parties  engaged  in  the  P^^^^^s^WMMBn^i*'  snrvey  will  be  sworn  before  an 
officer  (Inly  qnalified  to  administer  oiffjflrihe  beginning  and  end  of  the  snrvey. 
The  oath  of  the  chief  of  party  mnst  be  taken  either  before  the  clerk  of  the  district 
conrt  or  a  United  States  commissioner.    (See  Mannal,  page  64. ) 

Department  of  the  Interior, 

Washington,  June  5, 1897. 
The  Director  of  the  Geological  Survey. 

Sir:  Yonr  ]etter  of  the  5th  instant  has  been  received,  submitting  for  my  con- 
sideration and  approval  instructions  relating  to  the  survey  of  the  boundary  line 
between  Idaho  an<l  Montana,  for  which  provision  was  made  in  the  sundry  civil 
appropriation  bill,  approved  June  4. 

The  instructions  in  question  have  been  approved  by  indorsement  thereon  and 
are  herewith  returned. 

Very  respectfully,  C.  N.  Bliss,  Secretary. 

Department  of  the  Interior, 
United  States  Geological  Survey, 

Washington,  D.  C,  June  7,  1897. 
Mr.  R.  U.  GooDE,  Geographer, 

Sir:  The  execution  of  the  necessary  work  in  connection  with  the  survey  of  the 
boundary  line  between  Idaho  and  Montana,  as  provided  for  in  the  sundry  civil 
bill  for  the  fiscal  year  1897-98,  is  placed  under  your  supervision. 

This  work  will  be  performed  in  accordance  with  instructions  approved  June  5, 
1897,  by  the  Secretary  of  the  Interior. 

The  sum  of  $7,650  has  been  appropriated  in  this  connection,  and  you  are  author- 
ized, within  the  limits  of  the  above  appropriation,  to  employ  such  temporary  field 
assistants  as  may  be  necessary  for  the  proper  prosecution  of  the  survey,  and  to 
make  such  journeys  and  to  order  your  assistants  to  make  such  journeys  as  may 
be  necessary  in  carrying  forward  the  work. 

Very  respectfully,  Chas.  D.  Walcott,  Director. 

BOUNDARY  L.INES. 

Territorial  and  State  lines  in  the  northwestern  portion  of  the  United 
States  have  uiidei-gone  many  changes.  Originally  this  area  was  in- 
cluded partly  in  Louisiana  and  partly  in  Oregon,  the  dividing  line 
being  the  crest  of  the  Rocky  Mountains. 

Oregon  Territory  was  organized  August  14, 1848.  Its  area  at  that 
time  included  the  present  States  of  Oregon,  Washington,  and  Idaho, 
and  portions  of  Wyoming  and  Montana.  The  Territory  of  Nebraska, 
formed  from  a  portion  of  the  Louisiana  Purchase,  was  organized  May 
30,  1854.  Its  original  area  extended  from  Minnesota  on  the  east  to  the 
continental  watershed  on  the  west,  and  included  the  existing  State  of 
Nebraska  and  portions  of  Colorado,  Wyoming,  Montana,  North  Dakota, 
and  South  Dakota.  The  Territory  of  Dakota  was  formed  March  2, 
1861,  from  parts  of  the  State  of  Minnesota  and  the  Territory  of  Ne- 
braska, and  on  March  :j,  1863,  the  Territory  of  Idaho  was  formed  of 
portions  of  Nebraska,  Dakota,  and  Washington,  the  latter  having 
been  organized  March  2, 1853,  from  a  portion  of  the  Territory  of  Oregon. 
Originally,  Idaho  contained  about  324,875  square  miles^  but>  iw  \&^^\^» 
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was  reduced  146,080  square  dinHpHie  formation  of  the  Territory 
of  Montana,  which  was  taken  onclWi^from  Idaho,  and  in  1868  it  was 
further  reduced  by  the  formation  of  the  Territory  of  Wyoming,  almost 
the  whole  of  which  (93,995  square  miles)  was  taken  from  Idaho.  Mon- 
tana to-day  stands  as  originally  organized,  while  Idaho  contains  about 
84,800  square  miles. 
The  present  boundaries  of  Montana  are  described  as  follows: 

Beginning  at  the  intersection  of  the  twenty-seventh  meridian  of  longitude  with 
the  boundary  liue  between  the  United  States  and  the  British  possessions,  it  fol- 
lows said  meridian  south  to  the  forty-fifth  parallel  of  latitude;  thence  west  on  this 
parallel  to  the  thirty- fourth  meridian;  south  on  the  thirty-fourth  meridian  to  the 
point  where  that  meridian  intersects  the  continental  watershed;  theuce  westward 
and  northwestward,  following  the  line  of  the  continental  watershed  and  the  sum- 
mit of  the  Bitterroot  Rang^  to  its  intersection  with  the  thirty-ninth  meridian; 
thence  north  on  the  thirty-ninth  meridian  to  the  boundary  line  between  the  United 
States  and  British  possessions,  and  east  on  that  boundary  line  to  the  point  of  begin- 
ning. 

The  present  boundaries  of  Idaho  are  described  as  follows: 

Beginning  at  the  intersection  of  the  thirty-ninth  meridian  with  the  boundary 
line  between  the  United  States  and  the  British  possessions,  it  follows  said  meridian 
south  until  it  reaches  the  summit  of  the  Bitterroot  Monntaius;  thence  southeast- 
ward along  the  crest  of  the  Bitterroot  Range  and  the  Contineutal  Divide  until  it 
intersects  the  meridian  of  thirty-four  degrees  of  longitude;  thence  southward  on 
this  meridian  to  the  forty-second  parallel  of  latitude;  thence  west  on  this  parallel 
of  latitude  to  its  intersection  with  a  meridian  drawn  through  the  mouth  of  the 
Owyhee  River;  north  on  this  meridian  to  the  mouth  of  the  Owyhee  River;  thence 
down  the  midchannel  of  the  Snake  River  to  the  mouth  of  the  Clearwater;  and 
thence  north  on  the  meridian  which  passes  through  the  mouth  of  the  Clearwater 
to  the  boundary  line  between  the  United  States  and  the  British  possessions,  and 
east  on  said  boundary  line  to  the  place  of  beginning. 

The  boundary  under  discussion  is  the  common  one  mentioned 
above. 

In  the  United  States  State  boundary  lines  may  be  grouped  in  two 
general  classes: 

First.  Those  that  are  defined  by  some  natural  physical  feature, 
such  as  an  ocean  or  a  lake  shore,  the  channel  or  bank  of  a  stream,  the 
summit  of  a  range  of  mountains,  or  a  watershed. 

Second.  Those  that  are  defined  by  Imaginary  lines  which  must  be 
traced  on  the  earth's  surface  by  astronomic  or  matliematical  processes. 
Such  a  line  may  be  a  meridian  of  longitude,  a  parallel  of  latitude,  a  line 
between  two  points  (such  as  a  portion  of  the  eastern  boundary  of 
Nevada,  which  is  from  the  intersection  of  the  one  hundred  and  twen- 
tieth meridian  and  the  thirty-ninth  degree  of  latitude  to  a  point  on 
the  Colorado  River  where  it  intersects  the  thirty-fifth  degree  of  lati- 
tude), a  line  defined  by  azimuth  and  distance  or  a  number  of  such 
lines  consecutively  joined  (such  as  the  Iwundary  line  between  Maine 
and  New  Hampshire),  a  line  determined  by  a  given  direction  from  a 
certain  point  terminating  at  its  intersection  with  some  other  line 
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(such  as  a  portion  of  the  western  boundary  of  Idaho,  which  runs  from 
a  point  in  the  channel  of  Snake  River  opposite  the  mouth  of  the  Clear- 
water due  nortli  to  the  thirty-ninth  parallel  of  latitude),  or  a  tangent 
or  arc  of  a  circle  (such  as  the  western  and  northern  boundary  of  Del- 
aware). 

Generally  speaking,  boundary  lines  of  the  first  class  need  no  mon- 
uments to  indicate  their  location,  while  those  of  the  second  class  must 
be  perpetuated  by  marks  of  some  kind  after  their  positions  have  been 
determined. 

The  boundary  line  between  Idaho  and  Montana  is  made  up  of  two 
sections,  falling  into  the  two  classes  mentioned.  The  first  section  is 
that  part  defined  as  the  thirty-ninth  meridian,  between  the  interna- 
tional boundary  and  the  summit  of  the  Bitterroot  Mountains;  and 
the  second  section  is  the  sinuous  line  corresponding  to  portions  of  the 
crest  of  the  Bitterroot  and  Rocky  mountains,  this  line  beginning  at 
the  intersection  of  one  meridian  line  and  terminating  at  another 
meridian  line.  The  first  section  has  been  located  and  marked  by 
monuments,  as  will  appear  hereafter.  The  second  section  is  consid- 
ered to  be  adequately  determined,  since  it  follows  a  watershed,  and 
its  terminal  points  have  been  marked — the  northern  one  by  the  results 
of  the  survey  under  discussion,  and  the  second  by  the  results  of  the 
survey  of  the  western  boundary  of  Wyoming,  which  line  follows  the 
thirty-fourth  meridian  from  the  forty-first  parallel  to  the  crest  of 
the  Rocky  Mountains.  The  survey  of  the  latter  line  was  authorized 
by  an  act  of  Congress  approved  March  3,  1873,  and  was  made,  under 
contract,  by  Alonzo  V.  Richards,  astronomer  and  surveyor,  in  June, 
July,  August,  and  September,  1874.  The  following  is  a  description 
of  the  corner  of  Idaho  and  Montana  on  this  line,  as  taken  from  the 
report  of  the  survey  above  referred  to: 

At  245  miles  5B  chains  and  50  links  tho  comer  of  Idaho  and  Montana  was  estab- 
lished on  the  crest  of  the  Rocky  Mountains.  It  is  commemorated  by  a  pine  post 
11  feet  lon'g  by  15  inches  in  diameter,  8i  feet  in  the  ground,  marked  on  north  face 
"340  W.  L.,  1874;"  on  south  face,  "  246  m.  56  chs.  50  Iks.; "  on  east  face,  **  Wyom- 
ing; "  on  southwest  face, "  Idaho; "  on  northwest  face,  ''Montana; "  and  is  squared 
2  feet  at  the  upper  end  in  the  shax)e  of  a  pentagon.  The  point  is  further  per- 
petuated by  a  stone  in  the  bottom  of  the  pit  in  which  this  post  was  set,  marked 
"A.  V.  R,"  with  several  charred  blocks.  A  conical  mound  of  earth  and  stone  was 
raised  4  feet  high  by  7  feet  in  diameter,  with  a  pit  in  the  corner  of  each  of  th« 
three  Teffitories  3  feet  square  by  2  feet  deep.  Then,  on  the  top  of  the  mound,  on 
the  east  side,  was  placed  a  flat  sandstone,  marked  '*  Wyoming;"  another  on  the 
southwest  side,  marked  **  Idaho,''  and  one  on  the  northwest  side,  marked  **  Mon- 
tana."   Nineteen  pine  trees  are  noted  as  witnesses  to  this  post. 

It  will  be  noted  that  the  law  provides  for  locating  points  on  the  con- 
tinuation of  the  boundary  line  along  the  Bitterroot  Mountains  between 
Idaho  and  Montana.  It  was  not  possible  to  extend  the  triangulation 
beyond  the  southern  extremity  of  the  meridional  portion  of  the  bound- 
ary 4ine,  on  account  of  the  available  funds  not  being  sufficient  toi: 
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the  purpose.  In  fact,  the  appropriation  made  would  not  have  been 
adequate  for  the  work  that  was  accomplished  if  it  had  not  been  pos- 
sible to  utilize,  in  connection  with  the  boundary  line,  work  done 
under  other  appropriations.  In  this  manner  about  50  miles  of  the 
boundary  were  accurately  located  in  connection  with  the  survey  of 
the  ELamilton  quadrangle,  a  portion  of  which  is  embraced  within  the 
limits  of  the  Bitterroot  Forest  Reserve. 

The  crest  line  of  the  Rocky  and  Bitterroot  mountains  between  Idaho 
and  Montana  is  generally  a  clearly  defined  summit  or  watershed,  so 
that  no  serious  question  need  arise  as  to  its  identification  as  an  inter- 
State  boundary-.  (See  PI.  I.)  In  a  few  localities,  notably  in  some  of 
the  passes,  there  are  morasses  of  small  extent  out  of  which  the  water 
flows  or  seeps  in  both  directions.  If  the  question  of  placing  monu- 
ments to  mark  this  line  ever  arose,  the  location  of  monuments  in 
such  swampy  localities  as  are  found  to  exist  would  probably  fulfill 
all  necessarj'  requirements.  It  is,  however,  very  desirable  that  topo- 
graphic mai)s  of  the  adjacent  territory*  be  prepared.  Such  maps  would 
clearly  differentiate  the  true  summits  from  the  diverging  spurs,  and 
prevent  any  possible  misconception  as  to  the  location  of  the  line. 
After  these  maps  had  been  prepared  there  would  }ye  no  further  ques- 
tion of  surveying,  but  merely  one  of  placing  monuments,  should  this 
be  considered  necessary. 

It  frequently  happens,  as  the  result  of  greater  or  less  relative  ero- 
sion or  uplifting,  that  spurs  have  an  elevation  higher  than  that  of  the 
main  watershed,  and  this  is  remarkably  the  case  in  certain  portions 
of  the  Bitterroot  Mountains.  In  fact,  in  those  portions  where  detailed 
examinations  have  been  made  all  of  the  higher  points  of  the  i-ange  are 
uniformly  from  6  to  8  miles  east  of  the  present  divide,  and  it  is  prob- 
ably true  that  this  divide,  in  the  course  of  geologic  time,  has  retreated 
from  an  irregular  line  which  passed  through  these  high  points.  This, 
if  true,  is  due  partly  to  the  fact  that  the  waters  of  the  Bitterroot 
River  draining  to  the  eastward  have  a  greater  relative  rate  of  fall, 
and  consequently  greater  erosive  power,  than  had  the  waters  flowing 
westward  through  the  Clearwater,  and  thus  the  territory  tributary  to 
the  former  is  gradually  being  captured  by  and  added  to  that  of  the 
latter. 

ACCOUNT  OF  OPERATIONS. 

The  work  in  connection  with  the  boundary  line  extended  through 
poriions  of  three  field  and  office  seasons. 

The  act  providing  for  the  survey  of  the  boundarj-  line  was  approved 
June  4,  1897,  and  Mr.  E.  T.  Perkins,  jr.,  topographer,  was  immedi- 
ately detailed  for  field  work  in  connection  with  the  triangulation. 
Mr.  Perkins  left  the  city  of  Washington  on  June  10,  and  proceeded 
to  Spokane,  Washington,  by  way  of  Boise,  Idaho,  stopping  at  the 
latter  place  to  arrange  for  the  transportation  of  certain  property  to 
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be  used  in  connection  with  the  work.  The  party  was  organized  at 
Spokane,  and  at  first  consisted  of  only  a  packer  and  a  cook,  but  was 
afterwards  increased  by  the  addition  of  a  field  assistant,  when  angle 
observations  were  begun.  When  occasion  required,  for  instance  in 
clearing  the  timber  for  a  triangulation  station,  extra  men  were  hired 
by  the  day.  Transportation  was  at  first  by  saddle  and  pack  animals 
alone,  but  later  a  light  spring  wagon  was  added  to  the  outfit. 

The  work  was  greatly  retarded  by  smoke  during  the  summer,  which 
was  at  times  so  dense  as  to  render  observations  impossible,  and  by 
unusually  early  storms  in  the  fall.  All  operations  were  entirely 
suspended  alwut  October  1,  the  snow  being  so  deep  as  to  render  prac- 
tically impossible  the  ascent  of  the  peaks  used  as  triangulation 
stations.  The  season's  work  consisted  in  extending  the  triangulation 
from  the  Spokane  base  eastward,  through  a  longitudinal  interval  of 
about  70  miles,  to  the  boundary  line.  Fifteen  stations  were  erected, 
nine  of  which  were  occupied,  and  one  observation  for  azimuth  was 
made.  •  Another  object  accomplished  during  the  field  season  was  the 
identification  on  the  ground  of  the  Mooyie  Trail  monument,  which 
had  l>een  established  by  the  Northwestern  Boundary  Commission. 
This  monument  was  about  8^  miles  west  of  the  boundary  line  between 
Idaho  and  Montana,  and  was  the  nearest  monument  or  mark  of  any 
kind  on  or  near  the  international  boundary  that  could  be  identified. 
Further  reference  will  be  made  to  the  Mooyie  Trail  monument. 

After  the  party  was  disbanded,  Mr.  Perkins  proceeded  to  California 
for  duty.  During  the  wiuter  the  office  work  pertaining  to  the  tri- 
angulation was  done  under  the  direction  of  Mr.  S.  S.  Gannett.  Three 
figures  were  adjusted  by  least  squai*es,  and  the  geodetic  positions  of 
nine  points  were  computed.  One  of  the  stations.  Divide,  was  found 
to  l>e  0,072  feet  east  of  the  Idaho-Montana  boundary  line,  and  another 
station,  Scotchman,  was  found  to  be  7,842  feet  west  of  it. 

Field  operations  were  resumed  in  June,  1898,  two  parties  being 
organized,  one  for  the  extension  and  completion  of  the  necessary  tri- 
angulation, the  other  for  running  the  random  line  northward  from 
the  point  determined  as  the  intersection  of  the  tliirty-ninth  meridian 
west  from  Washington  with  the  crest  of  the  Bitterroot  Mountains. 

Mr.  Perkins  continued  tlie  triangulation,  and  the  line  party  was 
organized  by  Mr.  S.  S.  Gannett,  topographer,  with  Mr.  D.  L.  Reaburn, 
as  transit  man,  the  latter  assuming  charge  of  the  party  after  the  work 
was  started. 

Mr.  Perkins  extended  his  work  of  the  preceding  year  northward  to 
the  international  boundary,  occupying  nine  new  stations  and  reoccu- 
pying  four  old  ones.  A  high  signal  was  erected  over  the  Mooyie 
Trail  monument,  and  this  point  was  located.  Unfortunately  the 
character  of  the  country  was  such  that  it  was  impossible  to  get  a 
location  by  triangulation  near  the  northern  terminus  of  the  inter- 
state boundary  line. 
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Mr.  Gannett  was  instrncted  to  carefully  examine  the  topographic 
features  of  the  country  adjacent  to  the  triangulation  station  Divide, 
in  order  to  determine  whether  it  was  on  the  true  summit  of  the  Bit- 
terroot  Mountains,  and  then,  by  traverse  from  the  Divide  station,  to 
locate  the  exact  point  on  the  summit  from  which,  as  the  initial  point, 
the  random  line  should  be  projected  northward.  Observations  for 
azimuth  were  obtained  at  Divide,  the  details  of  which  will  appear 
hereafter,  and  also  at  the  end  of  th^traverse  line.  This  traverse  was 
run  along  the  divide  westward  through  a  longitudinal  interval  which 
was  supposed  to  be  6,072  feet,  but,  unfortunately,  owing  to  an  error 
in  the  field  computations,  the  location  of  the  initial  point  was  made 
177  feet  too  far  east.  This  error  was  discovered  in  the  office,  and 
in  the  adjustment  of  the  random  line  it  was  entirely  eliminated  from 
the  final  results. 

Work  on  the  random  line  was  commenced  July  11  by  the  party 
under  Mr.  Reaburn,  which  consisted  of  one  recorder,  two  rodmen, 
two  packers,  three  axmen,  and  a  cook.  The  region  traversed  was 
along  the  entire  line  very  rough  and  generally  covered  with  timber. 
There  were  few  roads  or  open  trails,  and  the  transportation  problem 
was  a  difficult  one.  A  pack  train  was  provided,  and  it  was  generally 
necessary  to  make  long  detours  and  to  cut  out  trails  in  order  to  estab- 
lish camps  at  convenient  points  near  the  line.  Toward  the  close  of 
the  season  a  great  deal  of  snow  was  encountered  on  the  high  ridges, 
the  party  narrowly  escaping  being  snowed  in  without  provisions. 
The  survey  of  the  random  line  was  completed  to  the  vicinity  of  the 
international  boundary  on  October  31  in  snow  2^  feet  deep. 

Horizontal  and  vertical  distances  along  the  entire  line  were  obtained 
by  stadia  measurements.  The  total  rise  and  fall  of  the  boundary  line 
was  about  63,000  feet,  the  average  length  of  sights  350  feet,  length  of 
line  about  72  miles,  number  of  transit  stations  1,051,  and  number  of 
azimuth  stations  17. 

At  the  conclusion  of  the  field  season  Mr.  Perkins  returned  to  the 
office  and  Mr.  Reaburn  was  ordered  to  field  duties  elsewhere. 

During  the  office  season  of  1898-99,  after  the  triangulation  had 
been  finally  computed,  an  adjustment  of  the  stadia  work  to  the  trian- 
gulation was  made,  and  tables  were  prepared  showing  the  exact  lati- 
tudinal and  longitudinal  corrections  to  be  applied  at  each  station  of 
the  random  line.  Elevations  were  also  computed  from  the  vertical 
angles  for  each  transit  station.  Six  sheets  on  mounted  drawing  paper, 
each  sheet  extending  through  a  latitudinal  interval  of  10',  were  then 
prepared.  On  these  sheets  was  drawn  the  boundary  line  in  its  true 
position,  and  all  topographic  features  which  had  been  located  from 
the  random  line  were  indicated.  Such  elevations  as  would  be  useful 
in  sketching  contours  were  also  placed  on  the  sheets,  and  the  sheets 
thus  arranged  were  used  for  sketching  the  topography  adjacent  to  the 
line. 
Mr.  Reaburn  resumed  field  operations  a\>o\sA,  \X\^  m\^^^  ^1  Xwwft^ 


oooDE.]  LATITUDE.  21 

1899,  the  party  as  organized  being  similar  to  that  of  the  preceding 
season.  The  field  work  which  remained  was  to  remeasure  a  portion 
of  the  line,  place  the  monuments,  cut  out  the  true  line,  and  secure 
additional  data  for  the  map. 

The  line  was  divided  into  four  sections,  reference  to  which  will  be 
made  hereafter.  Three  of  them  were  controlled  by  triangulation,  but 
the  fourth,  or  northernmost  section,  not  being  so  controlled,  it  was 
decided  to  remeasure  that  section  with  the  stadia,  and  also  to  make  a 
careful  comparative  measurement  with  a  steel  tape.  The  measure- 
ment  with  the  steel  tape  served  not  only  to  check  this  section  of  the 
line,  but  was  also  used  as  a  basis  of  comparison  with  the  stadia  meas- 
urements and  to  determine  a  stadia  factor,  which  was  afterwards 
applied  to  all  of  the  stadia  work. 

The  measurements  of  the  northernmost  section  were  first  made,  and 
the  northern  terminal  point  of  the  line  determined.  The  party  then 
started  southward,  and  the  monuments  were  established,  marked,  and 
witnessed  in  accordance  with  the  instructions.  The  topography  was 
also  sketched,  but  as  the  territory  through  which  the  line  ran  was  for 
the  most  part  covered  with  timber,  it  was  impossible,  without  delaying 
the  work  beyond  the  limit  of  the  available  funds,  to  cover  more  than 
a  narrow  belt.  This  work  was  completed  October  5,  1899,  and  after 
a  short  service  in  another  locality  Mr.  Reabum  reported  to  the  office 
in  Washington  for  the  preparation  of  the  final  notes  and  plats. 

liATITUDE,  XiONGITin>E,  BASE  lilNB,  AZIMUTH,  AND  TRI- 

ANGUI^TION. 

In  the  following  pages  is  given  a  short  account  of  the  methods 
employed  in  establishing  what  may  be  termed  "the  control"  for  the 
boundary  line. 

By  combining  the  results  of  the  latitude,  longitude,  and  azimuth 
observations  with  the  base-line  measurement,  the  position  on  the 
earth's  surface  and  the  length  and  true  direction  of  a  line  were  deter- 
mined. Through  a  system  of  triangulation  based  on  the  line  thus 
established  the  positions  of  points  near  the  boundary  line  were  com- 
puted, as  well  as  the  distances  and  directions  between  these  points. 

LATITUDE. 

The  new  county  court-house  at  Spokane  having  been  built  very 
close  to  the  longitude  pier  of  the  United  States  Coast  and  Geodetic 
Survey  of  1888,  the  latter  could  not  be  used  as  a  latitude  pier.  A 
new  pier  was  therefore  built  67.4  feet  east  of  the  longitude  pier, 
where  an  unobstructed  view  of  the  meridian  could  be  obtained.  (See 
PI.  IV.) 

A  Fauth  combined  transit  and  zenith  telescope  (No.  634)  was 
mounted  on  this  pier,  and  in  August,  1896,  ob»^ifV^\A.OTi^  lo^  \«5Cv- 
tude,  by  the  Taleott  method,  were  made  \>y  Tflx.  ^.  &.  Q[«auft\X»-    ^«aj^ 
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of  stars  were  selected  from  Safford's  Catalogue  of  2018  Stars.  The 
apparent  day  places,  however,  were  obtained  from  the  Berliner  Jahr- 
buch  whenever  possible;  otherwise,  they  were  computed  by  the  usual 
metnods,  as  explained*  in  the  American  Ephemeris. 

Fifty-nine  observations  upon  twenty-seven  pairs  of  stars  gave  a 
weighted  mean  value  for  the  latitude  of  the  pier  of  47°  39'  51".46 
±  0'M3.  The  results  for  different  nights  and  for  different  pairs  of 
stars  are  given  in  the  following  table: 


Results  for  latitude,  Spokane  ( Washington)  Station,  1896, 
[S.  S.  Qannett,  observer  and  computer.] 


Stars  (Safford),  num- 
ber and  class. 

Individual  results. 
47**  BO'. 

Mean. 

Weight. 

Ang.0. 

Aug.  7. 

Aug.  8. 

Aug.  9. 

748     A,   759    A... 

Seconds. 

Seconds. 

Seconds. 
51.54 

Seconds. 
50.17 
53.27 
51.46 
50.66 
49.01 
49.80 

49.81 
50.58 

51.05 
50.65 
49.71 
51.30 
52.52 
51.74 
51.57 
52.66 
51.20 
50.15 
49.14 
51.07 

52.63 

Seconds. 
50.85 
51.66 
51.46 
51.02 
49.99 
49.88 
50.24 
50.79 
49.81 
50.58 
52.08 
51.05 
50.65 
51.13 
51.67 
53.26 
52.37 
51.57 
52.11 
51.49 
51.25 
51.32 
51.16 
53.45 
52.63 
50. 30 
53.03 

1.72 
1.28 
0.79 
1.69 
1.62 
2.40 

766     A,   782     C... 
772     A,  782     C... 

50.05 

795     C,  801  AA--. 

51.69 
50.04 
50.16 
50.90 
50.78 

50.70 
50.92 
49.68 
49.57 
50.80 

809     C.   852    A... 

814     A.   852    A... 

814     A,  856  AA  .. 

1.80     ; 

809     C,   856AA... 

1.32 

809     C,  834AA.-. 

0.80 

ftU     A,   ftUAA 

• 

0.96 
0.80 
0.80 
0.80 
1.63 
1.72 
2.70 
2.90 
0.88 
2.05     • 

1 

2.47     , 

1.53     1 

2.99 

2.55 

1.63 

0.96 

0.79 

1.80 

882  AA,  917     C... 
901     C.  903 AA... 

.. 

52.08 

908 AA,  920     C... 

931      B,  949    A... 

52.56 
52.15 
53.58 
52.90 

53.12 
52.38 

957     A,  969    A... 

987  •A,  989     B... 

989     B,1000AA... 
1011     3,1032     B... 

53.81 
52.46 

1016     B,1032     B... 
1082     B,1037     B... 
1032     B,  1047     C  _- 

52.10 
51.62 

51.36 
51.58 
51.59 
52.21 
53.54 

51.57 
51.78 
52.02 
51.75 
51.37 
53.37 

1059     A,  1078    A.   . 
1188  AA,  1129    A  . 

52. 82 

1129     A,  114G     B... 

1133  AA,  1158    A... 

1161     A,  1173     C... 

50.30 
53.00 

1202  AA,  1207    A... 

53.06 

Weighted  mean,  47°  30"  51'' .46  ±  CMS. 
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LONGITUDE. 

The  meridional  portion  of  the  line  is  defined  as  corresponding  to 
the  thirty-ninth  degree  of  longitude  west  from  Washington. 

Section  435,  Revised  Statutes,  provides  that  "The  meridian  of  the 
Observatory  at  Washington  shall  be  adopted  and  used  as  the  Ameri- 
can meridian  for  all  astronomical  purposes,"  and  this  has  been  con- 
strueil  as  meaning  the  old  Naval  Observatory.  The  latest  adjustment 
by  the  United  States  Coast  and  Geodetic  Survey  fixes  the  longitude  of 
the  center  of  the  dome  of  the  United  States  Naval  Observatory  (old 
site)  at  5»' OS""  12M53  ±  0«.049,  or  77°  03' 02^30±  0'\74;  hence  the 
longitude  of  the  meridian  corresponding  to  the  boundary  line  between 
Idaho  and  Montana  is  116°  03'  02". 30. 

The  United  States  Coast  and  Geodetic  Survey  has  published  an 
adjusted  network  of  telegraphic  longitude  determinations,  including 
points  distributed  in  various  localities  throughout  the  United  States. 
This  system  includes  the  Naval  Observatory  at  Washington  and  also 
a  station  at  Helena,  Montana.  From  Uelena  the  Coast  Survey  in 
1888  determined  the  longitude  of  a  pier  in  the  court-house  grounds 
at  Si)okane. 

The  nightly  programme  at  each  station  was  to  observe,  with  an 
astronomic  transit,  two  sets  of  ten  stars  each  for  local  time,  each  half 
set  consisting  of  four  stars  having  a  mean  azimuth  factor  nearly.equal 
to  zero,  and  one  circumpolar  star.  Two  such  half  sets,  with  a  revei^sal 
of  the  telescope  in  the  Y's  between  them,  give  a  strong  time  deter- 
mination. The  same  sets  of  stars  were  observed  at  Helena  and  at 
Spokane,  thus  giving  the  chronometer  error  for  each  local  meridian. 

Between  the  two  time  sets  the  chronometers  were  compared  by 
telegraph,  thus  giving  the  difference  in  time,  and  consequently  in 
longitude,  between  the  meridians  within  a  small  fraction  of  a  second. 
As  will  be  noticed  in  the  following  table,  such  observations  and  chro- 
nometer comparisons  were  made  on  four  nights,  when  the  observers 
interchanged  places  and  made  similar  observations  and  chronometer 
comparison  on  four  other  nights,  thus  eliminating  the  effect  of  *' per- 
sonal equation." 
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The  figures  relating  to  this  description,  which  were  kindly  furnished 
by  the  Superintendent  of  the  United  States  Coast  and  Geodetic  Survey, 
are  presented  below : 

Beaultiitg  difference  of  longitude  between  the  aetronomic  stations  at  Spokane, 
Wasliington,  and  Helena,  Montana,  aa  determined  by  the  United  States  Coast 
and  Geodetic  Survey  in  September,  1888. 


DKta. 

ObBervor. 

i!l 

5! 

1  = 

"4 

P 

Q 

1 

1 

^ 

ii 

1888. 

B«pt.  13-.- 
Sept.  IS.... 
BapL  a*.... 
Sept  «..- 

Sept.  M..., 
Bapt  S...- 
aepL  28—. 
Bept.  a— . 

1^ 

i 

< 

»  34.103 
.£S3 

.TIB 
.087 
.883 

Kl  31.171 

.«7 

.2M 

.m 

Vean... 

0 

OSS 
DM 

m 
ora 

ei3i 

182 
Ml 
278 

+o,aoa 

:;i  34.380 
.MS 

-479 

.438 
.138 

5 

10 

+0.IM7 
+  -COS 
-.M4 

-1-  .Ml 
-.MS 
-  .001 

+  .an 

±    O08 

» 

oat 

MS 

£131 

sss 

SI  u 

087 
OH) 

OBS 

213* 

<U4 

31  Sl.lSfi 

Weigbted  meui 

£131.187 

..~_^»«.,..  ..^e.O.OSOi 
Personsl  eqnatloD.  tUrr-BI 

At  SpokiuiB,  truDBltNtt  IS     

At  Helena.  tnnslC  No.  18  was  mounted  O' 

ot  the  United  States  assay  office.    Tbe  F 

lBO".S21orl".!«eastandO".81lBonthot  the  transit. 
A  *  Spokane.  HelBDa= 21-  31>-137 1 0-.COO. 
AHeleoa  (transit  1S88).  7B  38-  (S>,7Be  i^  0-.06£. 
ABpokane  (transit).  7ii  1»>  la'.fiM  ±  {W-063. 
117°  av  18".3»  t  (P.SO. 

From  the  foregoing  it  will  be  observed  that  the  probable  error  of 
the  lougitade  determination  of  the  Spokane  pier  is  0".80,  oi'  about  54 
feet.  Through  a  connection  with  the  pier  at  Spokane  the  longitude 
of  the  meridian  of  the  boundary  line  was  established  by  triangulution 
and  traverse,  as  will  appear  hereafter. 

It  may  be  remarked,  in  connection  with  the  foregoing,  that  while 
the  meridian  of  the  Observatory  at  Washington  is,  by  law  approved 
September  28,  1850,  the  American  meridian  for  all  astronomical  pur- 
poses, the  geodetic  operations  of  the  country  generally  are  conducted 
with  reference  to  the  meridian  of  Greenwich  as  an  initial  point.  Gov- 
ernment maps  are  usually  referred  to  Greenwich,  and  standard  time 
is  reckoned  from  it. 


oooDB.]  BASE   LINE   AND   AZIMUTH.  25 


SPOKANE  BASE  LINE. 

A  site  for  this  base  line  was  found  in  the  valley  of  the  Spokane 
River,  east  of  the  city  of  Spokane,  points  for  its  expansion  being 
located  on  the  surrounding  hills.  The  line  was  measured  along  a 
tangent  of  the  Northern  Pacific  Railway,  beginning  about  2.5  miles 
east  of  the  Spokane  depot  and  extending  eastward  5  miles.  It  was 
prepared  by  nailing  boards  1  by  6  by  60  inches  300  feet  apart  along 
the  cross-ties  parallel  to  the  rail.  On  each  board  a  smaller  board 
(1  by  4  by  12  inches)  was  nailed,  and  on  the  latter  was  .tacked  a  strip 
of  zinc  2  by  10  inches.  At  night  two  complete  measurements  were 
made  with  United  States  Greological  Survey  steel  tape  No.  1,  under  a 
tension  of  20  pounds,  temperature  being  taken  by  reading  three  ther- 
mometers at  each  tape  length.  The  front  end  of  the  tape  was  marked 
on  the  zinc  strip  with  a  fine  brad  awl.  The  length  of  the  tape  used, 
compared  with  the  mural  standard  of  the  United  States  Coast  and 
Geodetic  Survey  on  October  30,  1895,  was  found  to  be  300.0075  feet; 
on  December  5,  1896,  300.0058  feet.  The  mean  of  these  two,  300.0067 
feet,  was  adopted. 

Adopted  coeflacient  of  expaDsion F..      .0000065 

Mean  temperature  of  first  measurement 60\35 

Mean  temperature  of  second  measurement 59''.25 

Difference  between  the  two  measurements,  when  corrected  for  tempera- 
ture    -.   feet.  .006 

Mean  elevation  of  the  line  above  sea  level,  as  given  by  a  profile  furnished 

by  the  Northern  Pacific  Railway feet. .  1,972 

Length  of  base  corrected  for  temperature  ..   do...   26,407.288 

Correction  for  inclination do. _.        — 0.156 

Reduction  to  sea  level do...        — 2.491 

Reduced  length .do...   26,404.641 

Logarithm  of  length,  in  meters 8.9056962 

The  terminal  points  were  transferred  to  the  embankment  25  feet 
north  of  north  rail,  and  the  new  points  being  intervisible,  high  tripod 
supports  for  the  theodolite  were  necessary. 

AZIMUTH. 

The  arimuth  of  the  Spokane  base  line  was  determined  by  mounting 
8-ineh  micrometer  theodolite  No.  300  over  the  west  base  and  meas- 
uring the  angle  between  Polaris  and  a  mark  placed  at  the  east  base. 
A  series  of  observations,  consisting  of  eighteen  pointings  (direct  and 
reverse),  was  taken  near  elongation  August  15,  1896,  the  resulting 
mean  for  azimuth  west  base-east  base  being  253°  18'  45".  80. 

With  this  value  and  the  astronomic  location  of  the  cupola  of  the 
court-house  at  Spokane  the  positions  of  all  triangulation  stations 
and  azimuths  of  all  lines  in  the  main  belt  of  triangulation  eastward 
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to  Divide  and  Scotchman  stations,  near  the  Idaho-Montana  boundary 
line  were  computed.  A  check  azimuth  was  observed  at  Divide  trian- 
gulation  station  July  7,  1898,  with  the  same  theodolite.  Twenty 
pointings  (direct  and  reversed)  on  Polaris  were  obtained  and  referred 
to  Scotchman  station. 

Azimuth  of  line  Divide-Scotchman  computed  from  Spokane  base. .  170  18  05. b7 
Azimuth  of  same  line  by  direct  observation 170    18    10.25 

Difference 4.38 

The  observed  value  was  adopted  in  the  computation  of  positions 
in  the  extension  of  the  triangulatlon  northward  to  the  international 
boundary. 

Examples  of  record  and  computation  for  azimuth  determination  are 
given  herewith: 


Azimuth  determinations  at  triangtdation  station  Ditncfe,  July  7,  1898.    S,  8. 

Gannett,  observer, 

[Latitude  (0)  47«»  57'  67".51.    Longitude  (A)  IW  01'  33".081 


A flrimnth  mArk 

h.  nt.  8. 

Polaris  D 

10  27  52 

Polarifl  R 

10  33  48 

A  Kimnth  mark , 

Azimuth  mark -  - 

Polaris  R 

10  42  02 

Polaris  R 

10  46  06 

Azimuth  mark 

Level. 
W.     E. 


d. 

d. 

13.0 

16.0 

11.8 

18.0 

24.8 

34.0 

— W.w 

13.8 

15.3 

14.0 

15.0 

27.8 

30.3 

-2.5 

14.0 

11.5 

13.5 

12.0 

27.6 

23.5 

44.0 

16.0 

16.0 

18.2 

14.0 

34.2    30.0 
-f4.0 


Microme- 
ter A. 

Microme- 
ter B. 

Mean. 

c     '  d. 

"      '  d. 

o        /      // 

23100  02 

4100  13 

22100  15 

255  33  24 

75  34  07 

255  34  01 

75  36  06 

255  34  21 

75  85  29 

4109  18 

22106  11 

41  08  50 

78  10  23 

258  09  09 

78  10  03 

112  39  14 

292  88  08 

112  38  52 

292  40  02 

112  40  11 

292  40  13 

258  00  28 

78  10  14 

258  10  12 

Angle. 


o         /       // 


34  24  46 


84  26  90 


34  28  50 


34  30  01 


Time  by  mean  time  watch,  34  seconds  fast  on  one  hundred  and  fifth  meridian 
time. 
One  division  of  striding  level  =  3".66;  1  division  of  micrometer  =  2". 00. 

Level  correction  =  —  /  |  (tr-htr')  — (e -h  e')  [tan  h;  d  being  the  value  of  a 

division  of  the  level,  to  +  w'  readings  of  west  end  of  level  bubble,  e-i-e'  readings 
of  east  end  of  level  bubble,  and  h^  the  angular  elevation  of  star,  the  foregoing  for- 
mula reduces  as  follows: 

?^  X  tan  470  57'  57"  (1.11)  =  I'.Ol. 


QOODB.] 


AZIMUTH. 
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The  formula  for  reduction  of  azimuth  observations  at  any  hour 

•  A 

angle  is  tan  A  =  — :; — r '—. ,  where  a=8ec  4>  cot  rf,  b=tan  6  cot  S. 

°  1— ocosr'  ' 


// 


log  sec  (t>,  47  '  57  57=0.17421 
log  cot  6,  88  45  46=8.33439 
log  a  =8.50860 

m.        8. 

Watch  correction         =—0    34 
Longitude  correction  =—44    06 


Total  correction    =—44    40 


log  tan  ^ 
log  cot  6 
logb 


:0. 04505 
=8.33439 
=8.37944 


Watch  time  of  observation. 
Reduction  to  local  meridian . 

Local  mean  time 

Correction  to  sidereal 

a  of  sun 

Sidereal  interval 

a  of  Polaris 

t , 


Mnaro 

Log  cos  t 

Log6 

Logbcos  t 

6coe  t 

l-bcost 

Log  sin  t 

Loga 

Log  a  Bin  t 

Log  (1  — boos  f) 

Log  tan  A 


Azimuth  of  star. . 
Anglo  to  mark  . . . 
Level  correction  . 
Azimuth  of  mark 


Computa- 
tion or  first 
observation. 


h,    in. 

8. 

10  27 

52 

-44 

40 

9  43 

12 

-t-1 

aft 

7  03 

11 

16  47 

50 

-1  21 

51 

15    26    08 
o        t       n 

231    32    00 
9.79383 
8.37944 


8.17327 
.01480 
1.01490 
9.80^5 
8.50660 


8.40235 
0.00642 


8.39603 

o  t  It 

181    25    82 

-34    24    46 

+9 

147    00    55 


Computa- 
tion of  sec- 
ond obser- 
vation. 


15    32    05 


n 


233    01    15 
9.77925 
8.37944 


8.15869 
.01441 
1.01441 
9.90246 
8.50860 


8.41106 
0.00621 


8.40485 
«        *'        w 

181    27  •  18 

-34    26    30 

+2 

147    00    50 


Computa- 
tian  of  third 
observation. 


A.  fn. 

a. 

10  33 

48 

—44 

40 

9  49 

08 

+1 

37 

7  08 

11 

16  53 

56 

-1  21 

51 

h.    m. 

8. 

10  42 

02 

—44 

40 

0  57 

22 

+1 

38 

7  03 

11 

17  02 

11 

-1  21 

51 

15    40    20 

o  '  // 

235    05    00 
9.75760 
8.37944 


8.13713 
.01371 
1.01371 
9.91381 
8.50660 


8.42241 
0.00501 


8.41660 

o  /  // 

181    29    41 
-34    28    50 


147    00    47 


Computa- 
tion of 
fourth  ob- 
servation. 


h,   m. 

8. 

10  46 

08 

-44 

40 

10  01 

28 

+  1 

38 

7  03 

11 

17  06 

18 

-1  21 

51 

15  44  27 

236  06  45 
9.74630 
8.37944 


8.12574 
.01336 
1.01336 
9.91915 
8.50860 


8.42n5 
0.00575 


8.42200 

181    30    49 

-;W    30    01 

-4 

147    00    44 


The  mean  of  twenty  observations  reduced  in  a  similar  manner  = 
147°  00'  51".  15. 

Check  azimuths  along  the  random  line  were  measured  with  Young 
transit  No.  6838.  The  instrument  was  usually  set  over  one  stadia 
station  and  a  mark  placed  on  another  station.  Six  measurements 
(three  direct  and  three  reversed)  of  angle  between  Polaris  and  mark 
were  then  made.    These  observations  were  reduced  at  once  by  the 
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method  and  tables  given  in  the  Manual  of  Surveying  Instructions 
issued  by  the  General  Land  OflSce,  1894,  x>ages  109-119.  An  example 
of  record  and  computation  follows. 

[July  19, 1888.    Stadia  B  77.    D.  L.  Beabom,  obserrer.] 
TELESCOPE  DIRECT. 


Time. 

A. 

B. 

Mean. 

Angle. 

h.  m.     8. 

o          t            ff 

0  U3  ao 

1    19    00 

180  03  ao 
1  18  ao 

o       /        // 

0  03    30 

1  18    45 

O         /        If 

Polaris ; 

9    08    40 

1    15    15 

TELESCOPE  REVERSED. 


Polaris 

9    15    18 

180    28    00 

180  oe  80 

0    2S    80 

180  oe  80 

180    22    45 
0    02    80 

Aslmuth  mark       .  „.., 

1    20    15 

t 

TELESCOPE  REVERSED. 


Azimuth  mark 

35  14    00 

36  38    80 

215  14    00 

216  88    80 

35  14    00 

36  88    80 

Polaris 

9    30    00 

1    24    80 

TELESCOPE  DIRECT. 


Polaris 

9    83    30 

86    40    00 
85    14    00 

216    40    00 
215    14    00 

36    40    00 
35    14    00 

Asdmuth  mark 

1    26    00 

TELESCOPE  DIRECT. 


Azimuth  marlr 

81  12    00 

82  39    00 

261  12    00 

262  39    00 

81  12    00 

82  39    00 

Polaris 

9    39    45 

1    27    00 

TELESCOPE  REVERSED. 


Polaris y 

9    41    45 

82    41    00 
81    12    00 

262    40    30 
261    11    30 

262    40    45 
81    11    45 

A  zimuth  mark  „ 

1    29    00 

[July  19, 1896.   Stadia  [D  77.    Latitude  iS°  (%y ;  longitude  116«  03'.   Watch  fast  42-  d6>) on  local  time.] 

fl.     M. 

Upper  culmination  Polaris,  Jnly  15 17    48.5 

Reduction  to  July  18 ...  -11.8 

Upper  culmination  July  18,  being  culmination  preceding  time  of  ob- 
servation on  July  19 =17    31.7 


GOODS.] 


AZIMUTH   AND   TRIANGULATION. 
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[D.  L.  Reabnrn,  computer.  J 


Time  of  observation 

Watch  correction 

Local  mean  time 

Subtract  up.  culmination 

Hour  angle 

Subtract  from 

Time  argument 

Azimuth  Polaris— 

At  observation 

Anglo  to  mark 

Azimuth  of  mark 


Ck>mpnta- 
tion  of 
first  ob- 
servation. 


h. 
0 


m. 
08.7 


-42.6 
8    21.1 
+24 


32    21.1 
-17    81.7 


14    49.4 
28    56.1 


9    06.7 

o     /     ft 

181  13  45 

1  15  15 

179  58  30 


Computa- 
tion of 
second  ob- 
servation. 


A. 
9 


m. 
15.3 


-42.6 
8    32.7 

+24 


32    32.7 
17    31.7 


15    01.0 
23    56.1 


8    56.1 

o     /     V 
181  18  30 

1  20  15 

179  58  15 


Computa- 
tion of 
third  ob- 
servation. 


;  Computa- 
tion of 
fourth  ob- 
servation. 


h.    tn. 
9    30.0 

—42.6 

8    47.4 

+24 


32    47.4 
17    31.7 


15    15.7 
23    56.1 


8    40.4 

e     /     tf 

181  23  12 

1  24  30 

179  58  42 


h.    m. 
9    33.5 

—42.6 

8    50.9 

+24 


32    50.9 
17    31.7 


15    19.2 
28    56.1 


8    36.9 

o    /    n 
181  24  16 
1  26  00 
179  58  16 


Computa- ;  Computa- 
tion of         tion  of 
fifth  ob-      sixth  ob- 
servation, servation. 


h. 
9 


8 

+24 


m. 
39.7 


6 
57.1 


32    57.1 
17    31.7 


15    25.4 
23    56.1 


8    30,7 

e      '      ff 

181  26  00 

1  27  00 

179  50  00 


h. 
9 


m. 
41.7 


-42.6 
8    59.1 

+24 


32  50.1 

17  81.7 

15  27.4 

23  56.1 


8    28.7 

e      /     n 

181  27  00 

1  29  00 

179  58  00 


Mean  =^  179°  58'  33"  showing  this  portion  of  the  random  line  to 
deviate  from  the  true  meridian  by  1'  27", 

TRIANGULATION.       . 

The  triangulation  connecting  the  Spokane  base  with  the  boundary 
line  was  done  with  an  8-inch  micrometer  theodolite,  reading  by  two 
micrometers  to  two  seconds  and  by  estimation  to  one  second.  Direc- 
tions were  read  in  sets,  each  set  consisting  of  pointings  with  telescox)e 
direct  and  reversed  from  left  to  right  and  from  right  to  left.  Four 
or  more  of  such  sets  were  usually  taken.  A  few  secondary  locations 
on  or  near  the  boundary'  line  were  made  with  the  transit.  All  of  the 
observations  were  reduced  in  the  oflSce  by  least  squares. 

The  following  list  gives  descriptions,  latitude,  longitude,  azimuths, 
and  distances  of  the  triangulation  stations  determined  which  have  a 
bearing  on  the  boundary  line. 

A  diagram  of  the  triangulation  is  also  presented.     (See  PL  V.) 


SPOKANE,  BAST  BASE. 

Station  mark :  A  dressed  stone,  7  by  7  by  36  inches,  set  30  inches  in 
ground,  25  feet  north  of  north  rail,  and  94  feet  eastward  from  sign 

"U.S. 
marked  ''Trent  1  mile."     The  stone  is  marked  on  top         + 

E.  Base." 
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[Latitude,  47**  41'  01".94.    Longitude,  117°  16'  00  ".81.] 


1 

To  station— 

Azimuth. 

1 

Back  azimuth. 

1            

Log.  distance. 

Moran 

West  base ., 

0        '             // 

14  37  16. 02 

73  23  19.07 

80  02  46. 43 

117  19  24.54 

288  10  38.61 

194  35  48. 17 
253  18  45. 80 
259  55  31.41 
297  16  30. 04 
108  22  55. 95 

Meters, 
3. 9929426 
3.9056962 
4.0956581 
3.7432802 
4.3409600 

Conrt-honse  cupola 

Little  Baldy 

Skalan 

SPOKANE,  WEST  BASE. 

Station  mark :  A  dressed  stone,  7  by  7  by  36  inches,  set  30  inches  in 
the  ground,  25  feet  of  north  rail  and  218  feet  eastward  from  signboard, 

**U.  S. 
"  R.  R.  X'ng  ^  mile."    Top  of  the  stone  is  marked  + 

W.  Base." 

[Latitude,  47"  39'  47".28.     Longitude,  117"  22'  10  ".45.] 


To  station— 


Court-house  cupola. 

Tomkinson 

Little  Baldy 

East  base 

Skalan 

Moran 


Azimuth. 


t' 


91  45  38.07 
l:j7  10  30.83 
209  54  21 .  35 
253  18  45.80 
278  57  36. 00 
324  00  35. 75 


Back  azimuth. 

Lofjf.  distance. 

■    Of                   It 

MtUrs. 

271  42  56.36 

3. 6595819 

317  06  36. 14 

3.9881446 

29  56  00. 21 

3. 7474231 

73  23  19.07 

3. 9056962 

99  14  26.34 

4. 4609400 

144  03  41.01 

3. 9500715 

COURT-HOUSE   CUPOLA,  SPOKANE. 
(Not  occupied. ) 

This  point  is  connected,  by  direct  measurement,  with  longitude  pier 
of  the  United  States  Coast  and  Geodetic  Survey  of  *1888  and  .with  lat- 
itude pier  of  the  United  States  Geological  Survey  of  1 896.  It  is  also 
connected,  by  triangulation,  with  the  stations  of  the  base  expansion. 
The  i)oint  located  is  the  center  of  the  flagstaff,  which  is  over  the  cen- 
ter of  the  cupola  of  the  new  court-house. 

Latitude,  47°  39'  51  ".70.     Longitude,  117°  25'  40".21. 


MORAN,  SPOKANE   COUNTY. 

Location  of  station :  On  the  northern  end  of  a  high,  wooded  ridge, 
lit  8  miles  southeast  of  Spokane,  in  a  cleared  field  about  50  feet 
►/  the  ruins  of  a  log  cabin.     A  wagon  road  runs  to  the  station. 
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Station  mark:  a  dressed  stone,  8  by  8  by  36  inches,  set  30  inches  in 
the  ground,  marked  **XJ.  S.  A-" 

[Latitude,  47"  35'  53'.«7.    Longitude,  117'  17'  59". 70.] 


To  station— 


Court-ho.use  cuix)la 

Tomkinson 

Little  Baldy 

Skalan 


Azimuth. 


// 


126  55  28. 15 
140  29  39.00 
168  33  40. 57 
263  25  05. 73 


Back  azimuth. 

Lo?.  distanco. 

O            '               II 

Meters. 

306  49  41.22 

4. 0882682 

320  22  39. 05 

4. 2697837 

348  32  14. 04 

4. 0900766 

83  38  50.36 

4. 3704936 

LITTLE  BALDY,    SPOKANE   COUNTY. 

Location  of  station :  On  a  small  flat -topped  hill  5  miles  northeast 
of  Spokane,  and  in  the  center  of  a  cleared  field  on  the  highest  part  of 
hill.     A  fringe  of  tall  pine  trees  extends  around  the  hill. 

Station  mark :  A  dressed  stone,  8  by  8  by  36  inches,  set  30  inches  in 
the  ground,  marked  *'  U.  S.  A" 

[Latitude,  47°  42'  24M6.     Longitude,  117"  19'  56'.74.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

O        '             // 

O            '               II 

Meters. 

Court-house  cupola .     . 

57  24  18. 29 

237  19  57. 66 

3.9409362 

i    Tomkinson. 

103  43  22. 18 

283  37  48. 45 

3. 9857308 

Mount  Carlton 

214  13  32.20 

34  23  09.80 

4. 4590100 

Skalan 

289  58  08. 50 

110  13  20.40 

4. 4378494 

East  base 

297  16  30.04 

117  19  24.^ 

3. 7432302 

TOMKINSON,    SPOKANE   COUNTY. 

Location  of  station :  On  the  southern  part  of  a  small  table-land  4 
miles  north  of  Spokane,  on  the  highest  knoll  in  pastui*e  of  Mr.  Tom- 
kinson and  one-eighth  of  a  mile  southwest  of  his  house. 

Station  mark :  A  dressed  stone,  8  by  8  by  36  inches,  set  30  inches  in 
the  ground,  marked  "U.  S.  A-" 

[Latitude,  47''  43'  38'.24.     Longitude,  117°  27'  27\85.] 


To  sUtion— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Carlton 

o         /              // 

229  52  16. 64 
343  36  09. 45 

o       /            // 

50  07  28. 61 
163  37  22.41 

Meters. 
4. 5239434 
3. 8627730 

Court-house  cupola 
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SKALAN,   KOOTENAI  COUNTY,   IDAHO. 

Location  of  station:  Twenty  miles  east  of  Spokane,  Washington, 
and  3  miles  east  of  Washington-Idaho  boundary  line.  The  summit 
is  fk  bald,  rocky  ridge,  and  can  be  reached  by  a  good  trail  from  Dr. 
Dennison's  ranch,  on  the  east  side  of  Skalan  Creek. 

Station  mark:  A  copper  bolt  set  in  solid  rock,  above  which  is  a 
cairn  5  feet  in  diameter  at  base  and  5  feet  in  height. 

[Latitude,  47^  87'  19".26.    Longitude,  116**  59'  28".15.] 


To  station— 

Acimuth. 

Rack  azimuth. 

Log.  distance. 

Moran 

Little  Baldv 

o           /                It 

88  88  50.86 
110  18  20.40 
164  08  84. 00 
212  17  12.70 
228  46  58. 75 

o            /              # 

263  25  05. 73 

289  58  08.50 

844  02  57. 76 

82  38  06. 17 

49  06  20.29 

Meters. 
4. 8704986 
4. 4378494 
4. 5378730 
4. 8158528 
4. 6587750 

Carlton 

BlacktaU 

CARLTON,   SPOKANE  COUNTY,   WASHINGTON. 

LocatioQ  of  station:  About  35  miles  by  road  and  trail  northeast  of 
Spokane^  Washington.  The  mountain  has  two  summits  of  nearly 
equal  height  and  about  one-third  of  a  mile  apart.  The  station  is  on 
the  southern  summit,  which  is  flat  and  bald,  but  has  a  growth  of  pine 
and  spruce  trees  on  its  western  side.  There  is  a  good  trail  to  station 
fi-om  The  Meadows. 

Station  mark:  A  copper  bolt  set  in  solid  rock,  above  which  is  a 
rock  cairn  5  feet  in  diameter  and  5  feet  in  height. 

[Latitude,  47**  55'  13  ".71.    Longitude,  117^  06  57".26.] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Little  Baldy 

Tomkinson 

Blacktail 

o           /               If 

84  28  09. 49 

50  07  28.61 

248  24  10.03 

274  01  32. 58 

344  02  57. 76 

o         '          n 

214  13  31.91 

229  52  16.64 

63  50  44. 00 

94  27  33. 97 

164  08  34.00 

Meters. 

4. 4589864 
4. 5239434 
4. 6954456 
4.6416575 
4.5378730 

Chilco 

Skalan 

BLACKTAIL,  KOOTENAI  COUNTY,  IDAHO. 

Location  of  station:  On  a  bald  point  near  the  south  end  of  summit, 
near  the  western  shore  of  Lake  Pend  Oreille  and  east  of  Cocolalla,  on 
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Northern  Pacific  Railway.     It  can  be  easily  reached  by  trail  from 
T.  Trumbull's  ranch. 

Station  mark :  A  copper  bolt  sunk  in  solid  rock,  above  which  is  a 
calm  5  feet  in  diameter  and  5  feet  in  height. 

[Latitude,  48"  07'  07'.09.    Longitude,  116**  31'  13'.03.] 


To  station— 

Azimnth. 

Back  azimuth. 

Log.  distance. 

Chiloo 

o           t                     If 

1  53  09.56 

32  38  06. 17 

63  50  44.00 

228  10  27.76 

256  22  33. 71 

o        1         n 

181  52  39. 78 

212  17  12.70 

243  24  10. 63 

48  22  33.96 

76  42  07.01 

MeUrti. 
4. 4029303 
4. 8158528 
4.6954456 
4. 4305996 
4.5246835 

^Vfilau 

Carlton 

Round  Top 

Scotchman 

CHILCO,   KOOTENAI  COUNTY,   IDAHO. 

Location  of  station:  On  the  south  end  of  grassy  summit  south  of 
the  steamboat  landing  on  Lake  Pend  Oreille.  It  can  be  easily  reached 
from  Collins's  ranch  by  Leiberg  trail. 

Station  mark:  A  copper  bolt  sunk  in  solid  rock,  above  which  is  a 
rock  cairn  5  feet  in  diameter  at  base  and  5  feet  in  height. 

[Latitude,  47''  58'  28'.75.    Longitude,  116"  31'  53'.09.] 


To  station— 

Azimnth. 

Back  azimntb. 

Log.  distance. 

Skalan 

Carlton 

o        '          n 

49  06  20.29 
94  27  33. 97 
181  52  39. 78 
205  48  07.02 
225  10  00. 98 
257  25  15.62 

e        '          n 

228  45  58.75 

274  01  32.58 

1  53  09.56 

26  00  41.75 

45  30  01.97 

77  47  46.64 

Meters. 
4. 6587752 
4. 6416575 
4. 4029303 
4. 6816159 
4. 6724527 
4. 5875062 

BlacktaO 

Round  Top 

Scotchman 

Divide 

SCOTCHMAN,   KOOTENAI  COUNTY,   IDAHO. 

Location  of  station:  On  the  southwestern  of  three  summits,  about 
a  mile  west  of  the  Idaho-Montana  boundaiy  line  and  6  miles  north- 
east of  Clark  Fork,  a  station  on  the  Northern  Pacific  Railway.  It 
can  be  reached  from  Lightning  Creek  by  an  old  Indian  trail — a 
roundabout  way,  though  the  easiest  one. 

Station  mark:  A  copi)er  bolt  in  solid  rock,  above  which  is  a  rock 
cairn  5  feet  in  diameter  and  5  feet  in  height. 
Bull.  170 3 
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[Latitude,  48^  11'  19'.36.    Longitude,  116"  04'  58'.02.] 


To  station— 

Azimath. 

Back  azimuth. 

Log.  distance. 

Chilco 

o      /         n 

45  30  01.97 

76  42  07.01 

129  21  22. 70 

350  15  33.38 

o        /         n 

225  10  00.98 
256  22  38. 71 
309  13  54.54 
170  18  05. 87 

Meien. 
4. 6724527 
4.5246835 

4. 2047087 
4.4001417 

Blacktail 

BonndTop 

Divide 

ROUND  TOP,   KOOTENAI  COUNTY,   IDAHO. 

Location  of  station :  Northeast  of  Hope,  on  the  Sherry  trail,  near 
Hogeye  camp,  on  the  southern  end  of  the  summit,  which  extends  100 
yards  north  and  south. 

Station  mark:  A  copper  bolt  sunk  in  rock,  above  which  is  a  rock 
cairn  5  feet  in  diameter  and  5  feet  in  height. 

[Latitude,  48"  16'  47'.86.    Longitude,  116"  14'  58".88.] 


To  station— 

Azimuth. 

Rack  azimuth. 

Log.  distance. 

ghilco 

Blacktail 

o         /              K 

26  00  41.75 

48  22  33. 96 

309  13  54.54 

334  24  02. 60 

o        /          n 

205  48  07. 02 
228  10  27.76 
120  21  22. 70 
154  34  02. 58 

Meters. 
4. 6816159 
4.4305996 
4. 2047087 
4.5855553 

Divide 

1 

DIVIDE  (1). 

Location  of  station :  On  a  knoll  on  divide  of  the  Bittenoot  Mountains 
on  the  boundary  line  between  Idaho  and  Montana.  It  is  not  the 
highest  point,  but  it  is  almost  cleared  of  timber.  Station  is  best 
reached  from  Heron,  Montana,  by  the  Elk  Creek  trail. 

Station  mark:  A  copper  bolt  sunk  in  solid  rock,  above  which  is  a 
rock  cairn  3  feet  in  height  and  3  feet  in  diameter. 

[Latitude,  47"  57'  57  ".51.    Longitude,  116"  01  83  .08.] 


To  station— 


Chilco 

Round  Top 
Scotchman 


Azimuth. 


// 


77  47  46.64 
154  34  02.58 
170  18  05.87 


Back  azimuth. 


Log.  distance. 


257  25  15.62 
334  24  02.60 
350  15  3:138 


Meters. 
4.5875062 
4.5a55553 
4.4001417 


MOOYIE  TRAIL  MONUMENT. 


On  or  near  the  lx)undary  line  between  Kootenai  County,  Idaho,  and 
British   Coium  bia,  about  32  miles  TioYXitiv?ai^  tYom  ^quti^y^  Ferry. 
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Easily  reached  by  the  new  Wild  Horse  trail,  5  miles  from  Round 
Meadows  or  Prairie.  Monument  is  about  a  half  mile  beyond  a  por- 
tion of  trail  filled  with  loose  rocks,  and  just  beyond  a  heavy  growth  of 
timber  and  underbrush.  Where  the  trail  crosses  the  international 
boundary  there  is  a  large  tree  squared  about  4  feet  above  the  ground. 
On  tl^e  south  side  of  the  tree  are  cut  the  letters  "  U.  S.,"  on  the  north 
side  the  letters  "B.  C."    Monument  is  west  of  this  tree. 

Station  mark:  Copper  bolt  sunk  in  soil,  over  which  is  a  monument 
of  loose  stone  and  a  tree  20  feet  in  height. 

[Latitude,  49"  00*  01".51.    Longitude,  116°  14'  19  ".48.] 


To  station— 

Azlmath. 

Log.  distuioe. 

• 
Border 

o        '        n 

267  48  09.25 
858  09  44.78 

e          /          «r 

87  49  12. 16 
178  10  30. 25 

Mtten. 
3.22930 
4.01389 

Hell  Roarinff 

BLUB,  KOOTENAI  COUNTY,  IDAHO. 

Location  of  station :  On  southeastemmost  of  three  summits  of  nearly 
equal  height,  5^  miles  west  of  Sand  Point,  on  Great  Northern  Railway, 
7  miles  west  of  Sand  Point,  on  Northern  Pacific  Railway;  eight  hours' 
travel  from  Carr's  ranch,  on  Rider  Creek,  passing  "  Old  Baldy,"  thence 
along  ridge. 

Station  mark:  Copper  bolt  in  solid  rock,  over  which  is  a  rock  cairn 
5  feet  in  height. 

[Latitude,  48''  24'  01  ".52.    Longitude,  116*'  38'  55. "78.] 


To  station— 

Azimath. 

Back  azlmath. 

Lofif.  distance. 

Doust 

232  53  14.44 
236  01  09. 17 
299  03  30.80 
343  00  37. 10 

o       /       n 

53  12  26. 21 

56  31  23. 44 

119  28  52. 14 

163  06  22. 39 

Mtien. 

4. 5965347 

.4.7758946 

4.6825857 

4. 5152727 

Newton 

Scotrhmaii         ..... 

Blacktait 

DOUST,  KOOTENAI  COUNTY,  IDAHO. 

Location  of  station :  Ahont  7  miles  southeast  from  Bonners  Ferry. 
Best  reached  from  Wright's  ranch,  in  Paradise  Valley.  Follow  trail 
leading  to  mineral  claims  of  Doust  &  Wright  to  summit  of  Wright 
Mountain,  thence  along  ridge  over  fallen  timber  to  station;  three 
hours'  travel. 

Station  mark:  Copper  bolt  in  solid  rock,  above  which.  \%  %i  ^w3«^ 
cairn  5  feet  in  height. 
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[Latitude,  48'  35'  50  .1(L     Longitade,  116^  13  18  .15.J 


TostetioD— 


Aztmnth. 


BlacktaU 2150  49.24 

Blue 53  12  26.21 

HeU  Roaring 179  57  47.07 

Ewing 2063118.83 

CroflB 232  19  53.78 

Newton j  242  25  12.51 

Scotchman i  347  40  26.89 


Back  azinrath. 

201  46  25.83 

232  53  14.44 

859  57  46.29 

26  41  59.63 

52  29  34.08 

62  86  15.85 

167  46  40.40 


Lo^.  dlataxioe. 

Meten. 
4.7734417 
4.5965347 
4.5150730    I 
4.5929986    . 
4.3000841 
4.3089568 
4.6847536 


HELL  ROARING,  KOOTENAI  COUNTY,  IDAHO. 

Location  of  station:  On  southern  end  of  the  eastern  of  two  round 
peaks  at  the  head  of  Hell  Roaring  Creek.  From  Round  Prairie  a 
trail  runs  south  of  Hell  Roaring  Creek  to  summit  of  mountain. 

Station  mark:  Copper  bolt  in  solid  rock,  above  which  is  a  rock 
calm  H  feet  high. 

[Ladtnde,  48'  54'  30  .02.    Longitude,  lie''  13  19 ".18.] 


To  station— 

Azimath. 

Back  azimuth. 

Log.  distance.    ! 

1 

O            '             ff 

O            /              ff 

Meters. 

Mooyie  Trail  monument 

173  10  30. 25 

353  09  44.78 

4.01339 

Border  ..: 

182  36  16.26 

2  36  33.65 

4.01348 

Ewing 

262  28  39. 26 

82  39  27. 78 

4.2471106 

Croee 

322  24  20. 27 
359  57  46. 29 

142  34  02. 70 
179  57  47. 07 

4. 4137738 
4. 5150730 

Donst 

SCOTCHMAN  (2),  KOOTENAI   COUNTY,  IDAHO. 

A  secondary  station  near  boundary  post  No.  72,  at  summit  of  Cabi- 
net Mountain,  occupied  with  transit. 

[Latitude,  48''  12'  50^^40.    Longitude,  116'  03^  14^^98.] 


To  station- 

Azimath. 

Back  azimath. 

Loff.  distance. 

Scotchman 

o            /         /» 

37  07  25 
855  37  01 
357  34  30 

o             '          ff 

217  06  08 
175  38  16 
177  34  42 

Meters. 
3. 54730 
4. 44183 

3. 87099 

1 

Divide 

Transit  station  154 
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BUCKHORN,  KOOTENAI   COUNTY,  IDAHO. 

A  secondary  station  near  boundary  post  No.  23,  at  summit  of  Vak 
Mountain,  occupied  with  transit. 

[Latitude,  48o  46^  22^57.    Longitude,  116"  03'  16^^03.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Doust  .   ,-- 

o          1            n 

34  55  05.20 
181  09  14.60 
325  15  17. 30 
196  47  42.-90 
327  38  03.50 

o           /             U 

214  47  32. 90 

1  09  25.90 

145  18  48. 30 

16  51  04.97 

147  40  20. 26 

Meters. 
4.33338 
4. 18013 
4. 00320 
4.25810 
3.81428 

Transit  station  949 

Newton 

E  winflT -- 

Cross 

BLACKTOP,  KOOTENAI   COUNTY,  IDAHO. 

A  secondary  station  near  boundary  post  No.  74.  Reached  from 
Clark  Fork,  Idaho,  by  trail  to  Homestake  cabin;  thence  to  divide 
between  Blue  and  Mosquito  creeks;  then  by  four  hours'  travel  (on  foot) 
to  station,  following  along  slope  of  mountain. 

Station  mark :  Cross  cut  on  solid  rock,  under  a  rock  monument  3 
feet  in  height. 

[Latitude,  48"  \V  50^^72.    Longitude,  116'  03'  49^.28.] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  diatance. 

Scotchman  

o        /      a 

55  42  20 
349  37  02 

e         '       n 

235  41  29 
169  37  39 

Meters. 
3. 23516 
3.75359 

Transit  station  154 

NEWTON,  FLATHEAD  COUNTY,  MONTANA. 

Location  of  station :  On  second  summit  southeast  of  Newton  Pass, 
on  trail  from  Newton's  ranch  to  Sylvan ito. 

Station  mark:  Iron  bolt  in  solid  rock,  above  which  is  a  rock  cairn 
5  feet  in  height. 

[Latitude,  48**  41'  54  ".51.    Longitude,  115"  58'  35".26.] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Scotchman 

e        /              // 

7  56  25.44 

56  31  23. 44 

62  36  15.35 

140  57  32.97 

178  55  40. 21 

e         /             // 

187  51  39.02 
236.01  09.17 
242  25  12. 61 
320  56  10.82 
358  55  22.48 

Meiers. 
4. 7576096 
4.7758946 
4. 3089562 
3. 5525754 
4.408ft\St:^ 

Blue 

Doust 

Cross 

E  wintr 

\ 
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EWING,  FLATHEAD   COUNTY,  MONTANA. 

Location  of  station :  In  extreme  northwestern  comer  of  State,  about 
35  miles  northeast  of  Bonners  Ferry,  Idaho.  It  can  be  reached  by 
trail  to  Bnckhom  mines,  thence  along  divide  4  miles  to  break-off, 
thence  northeast  down  into  the  basin  or  meadows,  thence  ascending 
ridge  in  northwest  direction,  thence  along  ridge  to  summit. 

Station  mark:  Copper  bolt  in  loose  rock,  above  which  is  cairn  of 
rocks  44  feet  high. 

[Latitude,  48**  55'  43  ".99.    Longitude,  115^  58'  58".82.J 


To  station- 

Azimath. 

Back  azimuth. 

Log.  distance. 

Cross  

0       /         // 

4  25  15.00 
16  51  04.97 
26  41  59. 63 
65  56  28.90 
82  39  27.78 
115  18  08. 80 
858  55  22. 48 

0       /         /' 
184  24  09. 92 
196  47  42. 90 
206  31  13. 33 
245  53  26. 30 
262  28  39. 26 
295  07  37.22 
178  55  40. 21 

Meters. 
4. 3602056 
4. 2581050 
4.5929986 
3. 7325500 
4.2471106 
4. 2747300 
4. 4087124 

Buckhom .. 

Doust 

TrauBit  station  949 

Hell  Roaring.. 

Border 

Newton 

CROSS,  FLATHEAD   COUNTY,  MONTANA. 

Location  of  station:  On  first  summit  northwest  of  Newton  Pass, 
on  trail  between  Sylvanite  and  Newton's  ranch. 

Station  mark:  Copper  bolt  in  loose  rocks,  above  which  is  cairn  of 
rocks  4^  feet  high. 

[Latitude,  48"  48'  24".24.    Longitude,  116"  00'  25".26.] 


To  station— 

Azimath. 

Back  azimuth. 

Log.  distance. 

Doust 

0     /       It 

52  29  34. 08 
142  34  02. 70 
147  40  20. 26 
184  24  09.92 
320  56  10. 82 

0         /           U 

232  19  53.78 
322  24  20.27 
327  38  03.50 
4  25  15. 00 
140  57  32. 97 

Meters. 
4.3000841 
4. 4137728 
3.8142800 
4. 3602056 
3. 5525754 

Hell  Roaring 

Buckhom _ 

Ewing *. 

Newton 

BORDER,  IN  CANADA. 

Location  of  station :  Just  north  of  Kootenai  County,  Idaho.    Reached 
from  the  Mooyie  Trail  by  a  trail  to  Grierson's  ranch ;  thence  by  Indian 
trail  to  small  Jake  lying  to  the  east;  thence  around  lake  to  ridge; 
tbence  up  ridge  to  station. 
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^    Station  mark:   Copper  bolt  in  solid  rock,  above  which  is  a  rock 
calm  4^  feet  high. 

[Latitude,  49''  00'  03".60.     Longitude,  1 16^'  12'  56".12.] 


To  station- 

1 

Azimuth.               Back  azimuth. 

Log.  distance. 

Hell  Roaring _. 

Mooyie 

Ewing 

o         '              If 

2  36  33.65 

87  49  12. 16 

295  07  87. 22 

182  36  16.26 
267  48  09. 25 
115  18  08.80 

Meters. 
4. 01348 
3. 22930 
4. 27473 

TRANSIT  STATION   154.  » 

A  secondary  station  near  boundary  post  No.  78;  best  reached  b}- 
trail  from  Clark  Fork,  Idaho,  by  way  of  the  Homestake  cabin,  to  Blue 
Creek;  two  hours'  travel  to  cabin,  one  and  one-half  hours  from  cabin 
to  camp  on  Blue  Creek.  The  lidge  leading  from  Blue  Creek  to  the 
station  can  be  ascended  oh  the  south  side  in  one  and  one-half  hours. 

Station  mark :  Copper  bolt  in  rock,  over  which  is  a  rock  cairn  3  feet 
in  height. 

[Latitude,  48^*  08'  50  ".14.     Longitude,  116"  02'  59".84.] 


To  station— 

Azimuth. 

• 

Back  azimuth. 

Log.  distance. 

Blacktail 

Scotchman    . 

84  58  53 
152  05  45 
177  34  42 
354  53  39 

o            /          " 

264  37  52 
332  04  17 
357  34  30 
174  54  44 

Meters. 
4.54599 
3. 71732 
3.87099 
4.30621 

Scotchman  (2) 

Divide 

TRANSIT  STATION    949,  NEAR  IDAHO-MONTANA   BOUNDARY   LINE. 

A  secondary  station  on  a  large  hill  near  boundary  post  No.  9,  6^ 
miles  south  of  international  boundary. 

Station  mark :  None. 

Reference  mark:  Signal  tree,  distant  138  feet,  azimuth  to  which  is 
308°  55'. 

[Latitude,  48"  54'  82  ".59.     Longitude,  116"  08'  01  .05.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

1 

Buckhorr 

DouBt 

Ewincr 

o        /           // 

1  09  25.9 

21  04  23.9 

245  53  26.3 

0            /             // 

181  09  14.6 

200  56  39.8 

65  56  28.9 

Meters. 
4. 18013 
4.54598 
3. 73255 
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DIVIDE  (2). 

This  triangulation  station  is  not  on  the  meridional  portion  of  the 
line,  bnt  on  the  crest  of  the  Bitterroot  Mountains,  farther  south,  and 
was  located  in  connection  with  the  survey  of  the  Bitterroot  Forest 
Reserve. 

It  is  on  the  main  summit  of  the  Bitterroot  Range,  on  the  boundary 
line  between  Montana  and  Idaho,  20  miles  (air  line)  west  of  Grants- 
dale.  It  can  be  reached  from  the  Lost  Horse  Pass  (camp  being  at 
Twin  Lakes)  by  following  the  northwest  face  of  the  mountain  north- 
east from  the  Twin  Lakes  to  the  crossing  of  Moose  Creek,  thence  up 
the  creek  to  the  Meadows.  The  peak  lies  to  the  northwest,  about 
2y000  feet  above  the  meadow. 

Station  mark:  A  rock  cairn  5  feet  in  diameter  and  8  feet  in  length. 

[Latitude,  46"  11'  82".l.    Longitude,  IW  28'  12".2.] 


To  BtatioQ— 

Azimuth. 

Back  azimuth. 

Log.  distance.   . 

V7ard(2) 

El  Capitan 

279  32  28 
344  06  39 

e           /       // 

99  40  31 

• 

164  09  53 

Metera. 
4.16360 
4.32652 

TRANSIT   AND    STADLA.   WORK. 

The  transit  used  was  one  manufactured  by  Young  <fc  Sons,  of  the 
type  known  as  No.  10  mountain  transit,  the  maker's  number  being 
6838.  The  horizontal  circle  was  4|  inches,  and  this  circle,  as  well  as 
the  vertical  circle,  was  graduated  to  read  with  verniers  to  1'.  The 
instrument  was  provided  with  a  compass  attachment,  fixed  stadia 
wires,  and  a  tripod  with  extension  legs.  The  extension  legs  were  at 
times  very  necessary,  as  may  be  seen  from  PL  VI.  Two  stadia  rods, 
of  seasoned  white  pine,  three-fourths  inch  in  thickness,  12  feet  in 
length,  and  4  inches  across  the  faces,  were  made  in  Spokane.  The 
lower  portions  of  the  rods  were  tapered  to  a  point  and  shod  with  steel. 
The  design  of  the  rod  was  black  on  a  white  ground.  (See  fig.  1.)  By 
a  series  of  tests  the  stadia  interval  was  found  to  be  in  the  ratio  of  1 
foot  on  the  rod  to  100  feet  horizontal  distance,  as  nearly  as  could  be 
determined,  and  the  rods  were  graduated  to  even  feet  and  tenths. 
The  extreme  divisions  of  the  rods  included  10  feet,  and  each  tenth 
was  divided  into  five  parts,  so  that  hundredths  could  be  easily  read 
by  estimation.  No  numbers  were  placed  on  the  rods.  In  practice 
the  rods  were  held  vertically,  proper  corrections  being  applied  for 
reducing  all  sights  to  the  horizontal. 

There  was  no  expectation  of  obtaining  exact  independent  results  for 

distances  measured  with  the  transit  and  stadia  upon  the  basis  of  the 

stadia  wires  in  the  transit  being  set  in  the  ratio  of  1  to  100  and  the 
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rods  being  divided  so  as  to  read  to  hundredths.  In  point  of  fact, 
probably  neither  of  tliese  conditions  existed,  even  when  the  instrument 
was  fresh  from  the  hands  of  the  maker  and  when  the  rods  were  newly 
graduated  at  Spokane,  and  much  less  likely  is  it  that  they  existed 
when  the  instrument  was  subject  to  rough  field  usage  and  the  rods 
were  used  under  entirely  different  and  variable  circumstances.  It 
was  believed,  however,  that  they  could  be  relied  upon  in  determining 
intermediate  distances  between  points  the  exact  distances  between 
which  were  known,  and  so  long  as  the  ratio  between  the  wire  interval 
and  the  graduated  portions  of  the  rods  remained 
nearly  constant  the  purpose  intended  to  be  sub- 
served would  be  accomplished.  Thus,  when  a  line 
was  run  with  the  stadia  between  two  points  whose 
positions  were  rigidly  fixed  by  triangulation  and  the 
resulting  error  was  proportionately  distributed,  suffi- 
ciently accurate  results  were  obtained,  much  more 
nearly  accurate  than  could  have  been  obtained  by 
chaining,  especially  after  certain  corrections  had 
been  applied. 

The  method  used  in  running  the  random  line  was 
as  follows: 

The  line  started  from  an  astronomic  azimuth,  the 
initial  point  being  on  a  high  ridge  and  marked  with 
a  large  signal.  This  signal  was,  when  possible,  used 
as  a  backsight,  the  instrument  being  transited  in  the 
direct  and  reversed  position  and  the  mean  of  the  two 
points  determined  for  the  foresight  being  adopted. 
Of  course  in  a  timbered  country  it  was  generally 
not  possible  to  see  the  backsights  for  any  great 
distance,  but  whenever  a  ridge  was  crossed  the 
trees  were  cut  out  (see  Pis.  IX  and  X)  and  a  new 
backsight  was  established.  In  addition,  frequent 
observations  for  astronomical  azimuth  were  made, 
and  thus  additional  checks  were  obtained.  If  any 
considerable  discrepancy  was  discovered  between 
the  astronomical  azimuth  and  the  instrumental  line, 
the  latter  was  rerun  in  order  to  obtain  a  satisfactory 
check.  Further,  the  line  was  connected  with  the  triangulation  and 
accurately  adjusted  thereto  in  azimuth  as  well  as  in  distance.  When 
the  line  was  adjusted  to  the  triangulation  it  was  apparent  that  the 
transit  man  had  introduced  into  his  work  a  decided  personal  equation, 
which  had  the  effect  of  constantly  swinging  his  line  in  azimuth  too  far 
to  the  westward,  as  will  appear  hereafter.  The  stadia  distances  were 
read  from  both  backsights  and  foresights,  so  that  the  length  of  each 
sight  wa«  obtained  in  duplicate,  one  distance  depending  on  rod  No.  1 
and  the  other  on  rod  No.  2,  the  mean  being  adopted.     In  t\v<^  ^^ij^xcsl^ 
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way  vertical  angles  were  checked  by  reading  backsights  and  fore- 
sights; and  thus  levels  were  carried  over  the  whole  line.  The  height 
of  the  instrument  above  the  ground  station  was  determined  at  each 
point,  and  a  corresponding  height  was  sighted  on  the  stadia  rods.  This 
height  was  obtained  by  having  one  of  the  legs  of  the  tripod  marked 
to  tenths  of  a  foot  and  by  using  the  plumb  bob  as  a  measuring  line. 

The  magnetic  declination  was  read  at  each  transit  station. 

The  stadia  line  was  divided  into  four  sections: 

First  section.  This  section  extended  from  the  zero  of  the  random 
line,  namely,  the  summit  of  the  Bitterroot  Mountains,  to  transit  sta- 
tion 154,  and  was  controlled  by  connection  with  the  triangulation 
system  at  both  terminal  points.  At  the  summit  of  the  Bitterroot 
Mountains  it  was  connected  by  traverse  with  the  triangulation  sta- 
tion Divide,  and  transit  station  154  was  located  directly  by  triangu- 
lation. The  distance  determined  by  stadia  was  62,071  feet,  and  by 
triangulation  62,276  feet,  the  discrepancy  being  205  feet,  or  1  in  304. 
The  azimuth  correction  in  this  section  was  found  to  be  0®  0'  33",  cor- 
responding to  a  swing  of  10  feet  to  the  east  in  the  random  line  at 
station  154  in  order  to  make  it  a  true  meridian  line. 

Second  section.  This  section  was  included  between  stations  154  and 
800.  Station  800  was  connected  by  a  short  traverse  with  the  triangu- 
lation station  Buckhom.  The  distances  determined  by  stadia  and 
triangulation  were,  resi)ectively,  228,014  and  228,734  feet,  the  dif- 
ference being  720  feet,  or  1  in  318.  The  azimuth  swing  at  station 
800  was  71  feet  to  the  east,  corresponding  to  an  angular  correction  of 
0°  01'«04". 

Third  section.  This  section  was  between  stations  800  and  949.  Sta- 
tion 949  was  located  directly  by  triangulation.  The  distance  by  stadia 
was  49, 132  feet  and  by  triangulation  49, 190  feet,  the  difference  being  58 
feet,  or  1  in  848.  The  swing  in  azimuth  at  station  949  amounted  to  12.5 
feet  to  the  east,  corresponding  to  an  angular  coiTcetion  of  0°  0'  52". 4. 

The  positions  of  transit  stations  0,  154,  800,  949,  and  1046  corre- 
spond approximately  to  those  of  monuments  92,  78,  23,  8,  and  0, 
respectively. 

Fourth  section.  This  section  closed  on  the  international  boundary, 
and  it  was  unfortunate  that  a  location  by  triangulation  could  not  be 
obtained  near  its  terminus,  but  the  nature  of  the  country  rendered 
such  a  location  impracticable,  there  being  no  elevated  points  near  by 
and  the  timber  being  very  tall  and  dense.  It  was  thei^efore  checked 
by  careful  steel-tape  measurements,  the  tape  being  held  horizontally 
under  a  constant  tension  of  about  15  pounds,  a  plumb  bob  being  used 
at  each  end.  This  section  extended  between  station  949  and  a  point 
45  feet  north  of  station  1046.  The  distance  by  stadia  was  33,103  feet 
and  by  steel-tape  measurement  33,219  feet,  the  discrepancy  being  116 
feety  or  1  in  286. 
It  18  proper  to  add  that  there  are  two  small  corrections  which  should 
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have  been  applied  to  the  distance  obtained  and  used  on  this  section, 
one  being  that  for  reduction  to  sea  level,  amounting  to  —8  feet, 
and  the  other  that  for  reduction  on  account  of  tape,  which,  after  com- 
parison with  the  United  States  Coast  and  Geodetic  Survey  standard, 
was  found  to  be  +12  feet.  Thus,  theoretically,  the  monument  was 
placed  4  feet  too  far  north,  but  the  error,  compared  with  that  which 
might  result  from  unavoidable  station  error,  is  so  small  that  it  may 
be  considered  as  negligible. 

It  might  be  well  to  explain  what  is  meant  by  '*  station  error."  It  is 
the  error  which  is  more  or  less  inherent  in  all  astronomic  determina- 
tions, being  caused  by  the  deviation  of  the  plumb  bob,  on  account  of 
varying  local  attractions,  from  the  true  vertical.  Its  existence  may 
be  detected  by  direct  measurements  between  two  astronomic  stations. 
Assuming  an  astronomic  location  to  be  made  at  A^  a  connection  by 
triangulation  with  another  station,  £,  and  the  position  of  B  thus 
deduced  from  that  of  A^  then  if  the  astronomic  position  of  B  is  deter- 
mined, the  discrepancy  between  the  astronomic  position  and  the  posi- 
tion determined  by  triangulation  from  A  represents  the  combined 
station  error.  Efforts  have  been  made  to  deduce  a  law,  based  on  the 
contour  and  density  of  adjacent  land  forms,  which  shall  define  the 
amount  of  attraction  affecting  the  plumb  bob  which  might  be  exx>ected 
in  any  particular  case,  but  nothing  satisfactory  has  been  accom- 
plished, owing  principally  to  the  fact  that  it  is  impossible  to  give  an 
accurate  value  to  the  various  components  which  constitute  the  mass 
of  any  given  section  of  the  earth's  crust. 

The  following  table  gives  the  results  obtained  directly  from  the 
stadia,  and  which  were  used  in  reducing  the  random  line  to  the  true 
line,  both  in  distance  and  in  azimuth.  These  figures  do  not,  however, 
represent  the  degree  of  precision  obtained  by  the  stadia  in  measuring 
the  distances,  as  they  are  unaffected  by  any  corrections. 

Table  showing  discrepancy  between  computed  and  mectsured  distances,  also  discrep- 
ancy in  azimuth. 


Sec- 
tion. 

Sta- 
tions. 

Com- 
puted 
distance. 

Stadia 
distance. 

Latitu- 
dinal dis- 
crep- 
ancy. 

Discrep- 
ancy. 

Longitu- 
dinal 
discrep- 
ancy, * 
random 
line  west 
of  true 
line. 

Discrep- 
ancy. 

Mean  an 

Srular 
error  in 

1 
2 
3 

0-154 
lM-800 
800-9i9 

Feet 
82.276 
228,784 
49.190 

Feet. 
62,071 
228,014 
49,182 

Feet. 
205 
720 
68 

Iin804 
lin818 
lin848 

Feet. 
10 
71 
12.5 

1  in  6, 228 
1  in  8, 222 
1  in  8, 927 

0088 
0104 
0058 

The  distances  measured  by  the  stadia  should  be  corrected  before  any 
satisfactory  comparison  can  be  made  with  the  computed  distances  for 
the  purpose  of  testing  the  accuracy  of  the  stadia  work. 

Two  conditions  will  be  considered.    The  fitHt  \&  X^diS^R^  ^r^-^  *<Xjl<6 
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supposition  that  the  rods  were  graduated  arbitrarily  into  regular 
divisions,  which  were  sufficiently  small  to  admit  of  reading  distances 
approximately  to  a  foot,  and  that  the  stadia  wires  were  set  at  some 
fixed  interval.  The  fact  that  the  rods  were  actually  graduated  so  as 
to  be  read,  as  nearly  as  might  be,  to  feet,  tenths,  and  hundredths, 
and  that  the  wire  interval  was  approximate  in  the  ratio  of  1  to  100, 
does  not  enter  at  all  into  the  theory  of  this  condition.  In  fact  the 
rod  might  be  graduated  in  any  systematic  manner  and  the  wires 
placed  at  any  fixed  interval  without  affecting  the  results  after  the 
proi)er  corrections  had  been  applied.  An  analogous  case  would  be 
one  in  which  certain  distances  were  measured  with  a  chain  or  ta,pe  the 
exact  length  of  which  was  not  known  at  the  time  the  measurement 
was  made  but  which  was  afterwards  determined  and  the  correction 
applied.  The  tape  might  prove  to  be  99  feet  in  length,  but  this  would 
not  affect  the  ultimate  results  after  proper  allowance  had  been 
made.  The  fourth  section  of  the  boundary  line  furnished  a  means 
by  which  the  relation  between  the  distances  determined  by  the  stadia 
and  careful  measurements  with  a  steel  tax>e,  inother  words,  the  stadia 
factor,  might  be  ascertained. 


Table  of  comparisons  of  stadia  and  steel'tape  measurements  from  transit  station 
949  (post  8)  to  the  international  boundary  {post  0),  section  4, 


LfOcation. 

Steel  tope. 

Stodia. 

Difference. 

Discrepancy. 

Station  949 

Feet 
0 

4, 618. 6 

8,606 
13, 760. 5 
18, 148. 3 
23, 596. 2 
27,153 
81,106 
33,219 

Feet. 
0 

4,601.5 

8,572 
13,698 
18,077 
23,512 
27, 062. 5 
81,000 
33,103 

Feet. 
0 
17.1 
84 
62.5 
71.3 
84.2 
90.5 

106 

116 

1  in  270 
1  in  253 
1  in  220 
1  in  254 
1  in  280 
1  in  300 
1  in  293 
1  in  286 

P08t7 

Post  6 

P08t5 

P08t4 

P08t3 

P08t2 

Postl 

PostO 

» 

An  inspection  of  the  foregoing  table  will  develop  the  fact  that  the 
ratio  existing  between  the  results  from  the  steel-tape  and  the  stadia 
measurements  is  fairly  constant.  The  steel-tape  measurements  were 
carefully  made  with  a  100-foot  steel  tape,  under  conditions  approxi- 
mating those  under  which  the  other  portions  of  the  line  were  meas- 
ured independently  by  the  stadia,  except  that  the  surface  was  probably 
not  so  broken  and  the  change  of  elevation  not  so  great,  thus  favoring 
the  accuracy  of  the  tape  measurement.  Tlie  steel  tupe  was  after- 
warda  compared  with  the  United  States  Coast  and  Geodetic  Survey 
standard,  and  the  values  in  the  table  are  affected  by  a  small  correc- 
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tion  necessary  to  reduce  them  to  the  standard.  Thus  the  comparison 
may  be  considered  as  determining  the  stadia  factor,  or  the  amount  by 
which  each  stadia  distance  should  be  corrected  in  order  to  reduce  it 
to  a  true  measurement. 

It  appears  from  the  table  that  in  a  distance  of  33,219  feet  the  stadia 
measurement  was  33,103  feet,  or  a  difference  of  116  feet,  which  cor- 
responds to  1  in  286;*  this  correction  to  be  added  to  the  stadia  results. 

It  might  be  argued  that  it  would  be  preferable  to  obtain  the  stadia 
factor  by  direct  comparison  with  the  computed  lengths  of  the  lines  in 
sections  1,  2,  and  3;  and  so  it  would  if  the  rods  were  to  be  used  for 
other  purposes,  but  for  the  present  purpose,  which  is  to  make  a  com- 
parison between  the  computed  distances  and  the  direct  stadia  meas- 
urements, the  other  method  is  adopted. 

Table  showing  discrepancies  between  stadia  distances  corrected  for  stadia  factor 

and  computed  distances. 


Sectioc. 

Stotions. 

Stadia  dis- 
tance 
reduced  to 
mean 

sea  level. 

Correc- 
tion for 

stadia 
factor,  1 

in  280. 

Corrected 

stadia 
distance. 

Computed 

Discrep- 
ancy; add 
tostJMlia 
distance. 

Discrepancy. 

1 

2...t... 
3 

0-154 
154-800 
80a<949 

Feet. 
62,061 
227,967 
49, 119 

Feet. 
+217 
+797 
-f-172 

F^t. 
62,278 
228,764 
49,291 

Feet. 
62,276 
228,784 
49,190 

F^t. 

—  2 

—  80 
—101 

lin  81, 189 
lin    7,625 
lin       488 

A  combination  of  the  figures  in  the  foregoing  table  indicates  that 
in  a  total  distance  of  340,200  feet,  or  about  65  miles,  there  was  an 
apparent  error  of  133  feet,  or  1  in  about  2,565.  It  would  not,  of  course, 
be  proper  to  claim  any  such  accuracy  for  the  stadia  work,  and  in 
fact  the  figures  themselves  do  not  justify  such  a  claim,  as  the  range 
between  them  is  too  great  to  admit  of  any  general  deduction  from  the 
three  combined  results.  For  the  purposes  of  this  discussion  it  would 
have  been  better  if  the  line  could  have  been  divided  into  more  numer- 
ous sections  and  if  more  than  one  comparison  for  the  determination 
of  the  stadia  factor  could  have  been  made. 

A  second  condition  is  represented  by  the  supposition  that  the  rods 
were  originally  accurately  subdivided  so  as  to  read  to  feet,  tenths, 
and  hundredths  and  that  the  stadia  wires  were  at  a  fixed  interval  of 
1  to  100.  A  correction  inherent  to  this  condition,  from  the  theory  of 
stadia  measurement,  is  that  of  f+  c,  /  corresponding  to  the  distance 
from  the  plane  of  the  cross  wires  to  the  objective,  and  c  being  the 
distance  from  the  center  of  the  instrument  to  the  objective.  In  order 
to  obtain  a  correct  distance  the  measurement  should,  then,  be  from  a 
point  which  is  /-|-c,  or,  in  the  instrument  used,  0.95  feet,  ahead  of 
the  center  of  the  transit.  In  other  words,  this  amount  should  be 
added  to  the  distance  obtained  at  each  transit  statiow. 
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Table  shovoing  dUcrepaneies  between  stadia  distances  affected  by  '*/+  e 

and  computed  distances. 


» 


Sec- 
tion. 

Stations. 

Stadia  dis- 
tance re- 
duced to 
mean  sea 
level 

Correc- 
tion for 

Corrected 

Computed 

Discrep- 
ancy add 
to  stadia 
distance. 

Discrepancy. 

1... 
2... 
8... 
4._. 

0-    154 
154-    800 
800-    949 
949-1,046 

Feet. 
62,061 
227,967 
49, 119 
88,058 

Feet. 
-f-146 
-f-614 
-f-142 
+  92 

Feet. 
62,207 
228,581 
49,261 
88,150 

Feet. 
62,276 
228,784 
49,190 
88,174 

Feet. 
-f-  69 
-f-158 

-  71 
-f-  24 

lin     908 
linl,495 
lin     698 
lin  1,881 

The  mean  discrepancy  for  the  whole  distance  is  175  feet,  or  1  in 
2,133.  This,  it  will  be  observed,  approximates  that  obtained  after 
application  of  the  stadia-factor  correction. 

The  results  from  the  application  of  the  f+c  correction  serve  to 
indicate  that  the  rod  was  graduated  approximately  correctly,  as  in- 
tended, and  the  stadia  wires  were  fixed  so  as  to  read  distances  on  the 
rod  approximately  in  the  proportion  of  1  to  100.  As  the  stadia-factor 
correction  was  systematic,  the  results  obtained  for  distances  along 
the  boundary  line  b}"^  a  direct  adjustment  of  the  original  stadia  dis- 
tances to  fit  the  triangulation  exactly  correspond  to  those  which  would 
have  been  obtained  if  the  stadia-factor  correction  had  been  first  applied 
and  the  remaining  discrepancy  afterwards  adjusted  to  the  triangula- 
tion. 

The  only  check  obtained  with  reference  to  vertical  distances  or 
measTirements  of  height  is  that  furnished  by  the  portion  of  the  line 
between  the  Northern  Pacific  and  Great  Northern  railroads.  Along 
the  former  road  is  a  line  of  precise  levels  run  by  the  United  States 
Geological  Survey  from  a  mean  sea-level  connection  at  Tacoma,  Wash- 
ington. The  stadia  line  was  connected  with  a  bench  mark  of  the  pre- 
cise levels,  and  this  bench  mark  is  the  datum  upon  which  the  elevation 
of  the  stadia  line  is  based.  The  profile  of  the  Great  Northern  Railway 
adjusted  to  the  United  States  Geological  Survey  precise  levels  fur- 
nished an  elevation  at  Leonia  to  which  the  stadia  line  was  joined. 
The  resulting  discrepancy  was  73  feet,  which  is  greater  than  might 
reasonably  be  expected,  but  it  is  possible  that  some  of  the  error  may 
be  in  the  railroad  profile. 

The  details  relating  to  the  profile  of  the  boundary  line  between 
these  two  railroads  are  as  follows:  Sum  of  horizontal  components, 
201,188  feet;  sum  of  vertical  components,  42,700  feet;  discrepancy 
in  closure,  73  feet;  discrepancy  referred  to  horizontal  components 
equals  1  in  2,756;  discrepancy  referred  to  vertical  components  equals 
1  in  585. 
JExtensive  and  careful  experiments  with  the  stadia  were  made  by  the 
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Boundary  Commission  engaged  in  the  sarvey  and  re-marking  of  the 
boundary  between  the  United  States  and  Mexico  west  of  the  Rio 
Grande;  and  as  the  conclusions  reached  so  nearly  correspond  to  those 
arrived  at  in  connection  with  the  Idaho-Montana  line,  the  following 
quot-ations  are  made: 

The  method  hy  stadia  is  cheap  and  rapid;  requires  less  cntting  than  that  hy  chain; 
18  carried  on  under  the  eye  of  an  instmment  man,  presumably  of  a  high  order  of 
intelligence:  gives  heights  and  angles,  and  enables  objects  to  be  located  from  the 
line  which  is  being  measured;  is  ordinarily  more  accurate  than  the  chain,  and 
can  be  successfully  used  where  the  chain  can  not  be,  experience  on  this  survey 
having  shown  that  the  stadia  lines  over  mountains,  hills,  and  canyons  were  more 
accurate  than  those  on  level  plains  and  wide  valleys.    *    *    * 

In  view  of  this  proof  of  the  inevitable  change  in  the  value  of  the  interval,  the 
common  practice  of  painting  a  rod  to  correspond  with  the  stadia  interval  of  a  oer^ 
tain  hour  and  day  and  then  continuing  the  use  of  such  rod  unchecked  and 
unchanged  during  the  widely  different  seasons  of  this  country  oftentimes — in 
lact,  for  many  years  at  a  time— is  seen  to  be  inviting  the  large  systematic  error 
which  almost  without  exception  characterizes  such  work.  If  this  evidence  be 
taken  to  prove  the  fact  that  even  so-called  fixed  stadia  wires  actually  change  their 
relative  positions,  or,  what  amounts  to  the  same  thing,  appear  to  change  on  account 
of  the  influence  of  differential  refraction  at  different  seasons,  then  the  present 
method  of  painting  the  rod  to  correspond  with  the  determined  interval  is  objec- 
tionable because  of  the  cost  of  regraduating  and  repainting  the  rod  to  correspond 
to  such  change  in  interval.  A  method  entirely  free  from  this  objection  of  cost, 
and  one  which  the  writer  has  found  to  stand  every  test  during  several  years  of 
field  use.  is  that  which  uses  rods  divided  into  true  units  of  feet,  yards,  or  meters 
and  employs  an  interval  factor  in  the  computation  of  distances.  With  this  system 
a  change  in  the  interval  simply  means  the  loss  of  an  hour's  time  in  the  preparation 
of  a  new  table  for  reduced  or  true  distances  corresponding  to  any  rod  reading. 

MONUMENTS. 

The  monuments  used  along  the  meridional  portion  of  the  line  are 
of  two  kinds — stone  and  iron.  The  stone  monuments  are  of  granite, 
6  feet  in  length  and  10  inches  square,  undressed  except  for  spaces 
sufficient  to  permit  cutting  the  words  "Idaho"  and  ** Montana,"  on 
opposite  sides.  These  monuments  are  placed  in  the  more  prominent 
localities,  and  are  monolithic  in  all  cases  where  it  was  possible  to 
transport  them  in  one  mass  to  the  proper  position;  otherwise  they 
were  cut  into  ten  sections,  so  that  they  could  be  carried  on  pack 
mules,  and  were  bolted  and  cemented  together  when  established  in 
place.  The  monuments  at  the  international  boundary  and  at  the 
summit  of  the  Bitterroot  Mountains,  these  being  the  terminal  points 
of  the  meridional  portion  of  the  line,  are  of  stone  made  from  sections, 
as  described,  and  monoliths  are  placed  near  the  points  at  which  the 
boundary  liife  crosses  the  Northern  Pacific  and  Great  Northern  rail- 
ways. (See  PI.  VII.)  The  iron  monuments  are  hollow  posts  of 
wrought  iron,  6  feet  in  length  and  about  4  inches  in  outer  diameter, 
covered  with  a  cx)at  of  asphaltum  tar.     At  the  bottom  they  are  flared 
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to  a  width  of  12  inches,  to  insure  more  secare  planting.  These 
posts  are  set  to  a  depth  of  3  feet  below  the  surface  of  the  ground,  3 
feet  remaining  above  ground,  and  a  conical  mound  of  earth  being 
raised  around  them  to  a  height  of  2  feet.  On  the  tops  of  the  x>osts 
are  riveted  bronze  caps,  on  which  is  cut  appropriate  lettering,  and 
the  number  of  the  monument  and  the  distance  (in  miles)  from  the 
international  boundary  are  stamped  in  large  figures.  (See  PI.  VIII.) 
In  addition  to  the  four  stone  monuments  referred  to,  eighty-nine  iron 
monuments  were  placed.  The  sites  for  the  monuments  were  chosen 
with  reference  to  the  topographic  features  of  the  country,  instead  of 
being  placed  at  even  miles,  as  has  usually  been  the  custom  on  bound- 
ary lines,  but  there  are  few  intervals  greater  than  a  mile  between  the 
monuments,  the  average  interval  being  about  three-fourths  of  a  mile. 
They  were  placed  generally  on  summits,  or  near  streams,  roads,  or 
trails,  and  so  as  to  be  intervisible  when  possible.  Between  the  monu- 
ments the  line  is  thoroughly  cut  out,  and  adjacent  trees  are  blazed,  so 
that  it  can  be  readily  recognized  in  any  locality. 

The  Intone  monuments  were  quarried  at  Medical  Lake,  Washington, 
and^cost  $14.50  apiece  delivered  at  the  railroad  station  nearest  the 
point  at  which  they  were  established.  The  iron  posts  were  made  in 
St.  Louis,  and  cost  $2.08i  delivered  to  the  United  States  quartermaster 
at  St.  Louis. 

Previous  to  the  work  herein  referred  to  no  attempt  had  ever  been 
made  to  locate  and  mark  the  Idaho-Montana  boundary  line,  but  the 
engineers  of  the  Northern  Pacific  and  Great  Northern  railways  had 
estimated  the  points  at  which  it  crossed  their  tracks  and  established 
marks  according  to  this  estimation.  The  accepted  crossing  on  the 
Northern  Pacific  was  found  to  be  about  one-fourth  of  a  mile  west  of  the 
true  line  and  that  of  the  Great  Northern  about  1  mile  east  of  the  true 
line  along  the  railway  track,  but  only  about  a  half  mile  east  thereof  in 
direct  longitude.  Kootenai  County,  Idaho,  spent  a  considerable  sum 
of  money  in  grading  a  road  up  the  mountain  from  Leonia  toward 
Sylvanite,  which,  when  the  boundary  line  was  located  soon  aft.er,  was 
found  to  be  in  Flathead  County,  Montana. 

Each  monument  is  witnessed  by  pit«  and  mounds  wherever  practi- 
cable, the  pits  being  dug  across  the  line  distant  4  feet  north  and  south 
of  the  post,  and  the  mounds  being  4  feet  east  and  west  thereof.  The 
dimensions  of  the  pits  are  3  by  2  by  H  ^^t,  and  the  mounds  were 
constructed  from  the  excavated  material.  The  monuments  are  fur- 
ther witnessed,  usually  by  four  blazed  bearing  trees,  one  in  each  quad- 
rant. The  two  trees  in  Idaho  at  post  48,  for  instance,  were  deeply 
engraved  ** Idaho  P.  48  B.  T.,"  and  the  two  trees  in  Montana  were 
marked  in  a  corresponding  manner.  (See  PI.  IX. )  Undei  each  monu- 
ment was  placed  about  a  quart  of  charcoal.  In  the  notes  the  distance 
and  bearing  to  the  witness  trees  were  marked  and  the  trees  described* 
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Complete  copies  of  these  notes  can  be  found  in  the  offices  of  the  Geo- 
logical Survey  and  the  General  Land  Office  in  Washington  and  of  the 
surveyors-general  in  Idaho  and  Montana. 

A  general  description  of  the  monuments  is  given  below.  The  fig- 
ures followed  by  the  letter  **M"  indicate  the  distance  in  miles  and 
hundredths  of  a  mile  from  the  initial  monument. 

Initial  monument:  Stone  masonry  monument,  6  feet  long,  10  by  10 
inches  square,  consisting  of  ten  sections  cemented  and  bolted  together. 
An  aluminum  bench-mark  tablet  is  set  with  cement  in  the  top  of  the 
monument  stamped  **1899,  Elev.  4500."  The  monument  stands  amid 
tall,  dense  timber  on  west  slope  of  ridge,  about  a  half  mile  east  of 
creek. 

1.  Iron  post,  stamped  **0.40  M.,"  on  west  slope  of  ridge,  amid  tall, 
dense  timber. 

2.  Iron  post,  stampe<l  *'  1.15  M.,"  on  west  slope  of  ridge,  amid  tall, 
dense  timber. 

3.  Iron  post,  stamped  **1.82  M.,"  on  west  slope  of  ridge,  amidtall, 
dense  timber. 

4.  Iron  post,  stamped  ^^2.85  M.,"  on  top  of  a  ridge  makin*;  out  from 
the  west  slope  of  the  main  ridge,  amid  tall,  dense  timber. 

6.  Iron  post,  stamped  "3.68  M.,"  between  two  branches,  30  feet 
apart,  of  a  small  creek  flowing  west,  about  a  half  mile  east  of  the 
junction  of  said  creek  with  a  creek  flowing  north,  amid  dense  timber. 

6.  Iron  post,  stamped  "4.66  M.,"  30  feet  south  of  a  creek  flowing 
west  and  about  one-fourth  mile  east  of  the  junction  of  said  creek  with 
a  creek  flowing  north,  amid  dense  timber. 

7.  Iron  post,  stamped  "5.415  M.,"  amid  dense  timber,  300  feet  south 
of  a  small  creek  flowing  west,  and  about  one- fourth  mile  east  of  creek 
flowing  northwest. 

8.  Iron  x)08t,  stamped  "6.295  M.,"  2.5  miles  north  of  the  Buckhom 
mine,  on  bare  grassy  ridge,  100  feet  east  of  edge  of  green  timber.  A 
lone  fir  tree  stands  200  feet  east,  of  the  x>ost. 

9.  Iron  post,  stamped  "6.825  M.,"  1}  miles  north  of  the  Buckhom 
mine,  amid  heav^'  fir  timber,  on  west  slope  of  high  timbered  ridge. 

10.  Iron  post,  stamped  "7.53M.,"1  mile  north  of  the  Buckhom  mine, 
on  top  of  ridge,  amid  fir  timber. 

11.  Iron  post,  stamped  "8.21  M.,"  in  north  end  of  basin,  at  south 
edge  of  green  timber,  100  feet  east  of  foot  of  slope. 

12.  Iron  post,  stamped  "  8.61  M.,"  on  top  of  bare  ridge,  a  half  mile 
east  of  the  Buckhom  cabins. 

13.  Iron  x>ost,  stamped  "9.03  M."  (post  should  have  been  stamped 
"9.00  M."),  on  top  of  bare  rocky  ridge,' a  half  mile  south  of  the  Buck- 
hom mines,  about  600  feet  southeast  from  the  highest  point  on  the 
ridge. 

14.  Iron  post,  stamped  "9.605  M."  (post  should  have  been  stamped 
Bull.  170 4 
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"9.47  M."),  on  south  edge,  about  halfway  between  the  top  of  ridge 
and  creek,  on  a  small  secondary  ridge  bearing  S.  60°  W.,  amid  scat- 
tering fir  timber,  just  north  of  an  open  space. 

16.  Iron  post,  stamped  "10.16  M.,"  amid  dense  timber,  on  south 
bank  of  a  creek  flowing  west,  about  330  feet  north  of  another  creek 
flowing  in  same  direction. 

16.  Iron  post,  stamped  "11.005  M.,"  amid  heavy  timber,  on  top  of 
a  ridge  on  main  west  slope. 

17.  Iron  post,  stamped  "11.49  M.,"  amid  dense  timber,  on  top  of 
high  ridge  bearing  west. 

18.  Iron  post,  stamped  "12.12  M.,"  on  top  of  a  heavily  timbered 
ridge  south  of  creek  in  deep  ravine,  and  a  half  mile  east  of  creek 
flowing  northwest. 

19.  Iron  post,  stamped  "12.915  M.,"  20  feet  north  of  creek  flowing 
northwest,  about  1  mile  north  of  Windy  Pass  trail. 

20.  Iron  post,  stamped  "  13.70  M.,"  on  top  of  timbered  ridge,  30  feet 
south  of  Windy  Pass  trail,  three-fourths  of  a  mile  north  of  Skin  Creek. 

21.  Iron  post,  stamped  "14.40  M.,"  on  top  of  north  bank,  100  feet 
distant  from  Skin  Creek,  amid  heavy  timber. 

22.  Iron  post,  stamped  "  14.86  M.,"  1^  miles  north  of  summit  of  Yak 
Mountain,  a  half  mile  south  of  Skin  Creek,  on  top  of  heavily  timbered 
ridge  bearing  northeast.  ' 

23.  Iron  post,  stamped  "15.62  M.,"  a  half  mile  north  of  summit  of 
Yak  Mountain,  on  rocky  ridge  one-flfth  of  a  mile  northeast  from  Buck- 
horn  triangulation  station,  amid  scattering  fir  timber. 

24.  Iron  post,  stamped  "16.215  M.,"  10^^  miles  north  of  .Leonia,  on 
summit  of  Yak  Mountain,  30  feet  east  of  the  highest  point  of  the 
right-hand  peak  of  three  which  are  on  the  northwest  end  of  the  range 
as  seen  from  the  vicinity  of  Leonia.  A  signal  tree  stands  32  feet  south 
and  2  feet  east  of  the  post.  This  post  is  visible  from  the  whole  sur- 
rounding country. 

25.  Iron  post,  stamped  "16.81  M.,"  9}  miles  north  of  Leonia,  amid 
heavy  timber,  on  slope  of  Yak  Mountain,  0.6  mile  south  of  the  summit. 

26.  Iron  post,  stamped  "17.50  M.,"  9.1  miles  north  of  Leonia,  on 
top  of  a  heavily  timbered  east- west  ridge,  on  slope  of  Yak  Mount-ain. 

27.  Iron  post,  stamped  "18.05  M.,"  8^  miles  north  of  Leonia,  one- 
fourth  of  a  mile  north  of  Curly  Creek,  on  the  south  edge  of  a  bench, 
at  southern  edge  of  thick  growth  of  small  pines. 

28.  Iron  post,  stamped  "  19.06  M.,"  7^  miles  north  of  Jx^onia,  1  mile 
north  of  Kinzie's  ranch,  at  foot  of  mountain  2  miles  west  of  Cross 
triangulation  station,  one-fifth  of  a  mile  north  of  Kingsley  Creek, 
amid  heavy  timber. 

29.  Iron  post,  stamped  "19.79  M.,"  6f  miles  north  of  Leonia,  amid 
heavy  timber,  300  feet  north  of  edge  of  meadow  at  Kinzie's  ranch  and 

10  feet  north  of  trail  leading  northwest  from  that  ranch. 

^  30,  Iron  post,  stamped  "20,40  M,  "  ^.1  miles  north  of  Leonia,  one- 
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fourth  of  a  mile  north  of  Newton's  house,  at  north  end  of  meadow, 
where  a  large  spring  comes  out,  10  feet  south  of  wagon  road,  200  feet 
west  of  foot  of  hill. 

31.  Iron  post,  stamped  "  21.22  M.,"  5.4  miles  north  of  Leonia,  a  half 
mile  south  of  Newton's  house,  at  southeast  corner  of  large  meadow, 
at  west  edge  of  timber,  and  75  feet  east  of  Curly  Creek. 

32.  Iron  post,  stamped  *'  21.73  M.,"  4.9  miles  north  of  Leonia,  about 
1  mile  north  of  Lang's  ranch,  500  feet  south  of  Curly  Creek,  and  10 
feet  north  of  wagon  road. 

33.  Iron  post,  stamped  *' 22.23  M.,"  4.4  miles  north  of  Leonia,  0.3 
mile  north  of  where  the  line  crosses  a  valley  just  west  of  Lang's  ranch, 
amid  heavy  timber  on  side  hill,  about  midway  between  valley  on  the 
west  and  top  of  hill  on  the  east. 

34.  Iron  post,  stamped  "23.12  M.,"  3.5  miles  north  of  Leonia,  0.2 
mile  south  of  where  the  boundary  line  crosses  Curly  Creek,  amid 
heavy  timber  on  west  slope,  about  600  feet  east  of  Curly  Creek. 

35.  Iron  post,  stamped  **  24.10  M.,"  2.5  miles  north  of  Leonia,  on 
top  of  a  ridge  bearing  N.  30°  E.,  where  the  line  ascends  from  Curly 
Creek  bottom,  amid  dense  timber. 

36.  Iron  post,  stamped  "24.965  M.,"  1.7  miles  north  of  Leonia,  on 
high  ground,  0.2  mile  north  of  Lime  Creek. 

37.  Iron  post,  stamped  **  25.79  M.,"  0.9  mile  north  of  Leonia,  10  feet 
south  of  wagon  road,  amid  heavy  timber. 

38.  Iron  post,  stamped  "26.14  M.,"  a  half  mile  north  of  Leonia,  on 
top  of  east  bank  of  Kootenai  River,  180  feet  above  surface  of  water. 

39.  Stone  monument,  6  feet  by  10  inches  by  10  inches,  with  an  alu- 
minum bench-mark  tablet,  stamped  "26.64  M.,"  cemented  in  its  top, 
located  at  Leonia,  near  foot  of  hill  west  of  Great  Northern  Railway 
monument;  bears  S.  5°  W.,  584  feet  distant  from  depot  chimney.  (See 
PI.  XI,  A,) 

40.  Iron  post,  stamped  "27.45  M.,"  0.9  mile  south  of  Leonia,  at 
north  edge  of  large  timber  and  at  south  edge  of  brush,  on  steep  east 
slope. 

41.  Iron  post,  stamped  "28.215  M.,"  1.6  miles  south  of  Leonia,  on 
flat  amid  heavy  timber  and  dense  underbrush,  a  half  mile  southwest 
of  the  Keeler  cabins. 

42.  Iron  post,  stamped  "29.115  M.,"  2.5  miles  south  of  Leonia,  0.3 
mile  south  of  a  creek  flowing  east  and  0.4  mile  north  of  a  creek  flow- 
ing southeast  into  Sta-r  Creek,  on  top  of  a  ridge  bearing  S.  45°  E., 
amid  thick  small  pines.     (See  PL  X.) 

43.  Iron  post,  stamped  "30.03  M.,"  3.4  miles  south  of  Leonia,  on  top 
of  south  bank  of  deep  ravine,  one-fifth  of  a  mile  west  of  where  it  joins 
a  creek  flowing  southeast;  amid  heavy  timber. 

44.  Iron  post,  stamped  "31.03  M.,"  4.4  miles  south  of  Leonia,  1  mile 
north  of  Star  Creek,  amid  heavy  timber,  on  small  ridge  200  feet  north 
of  small  stream  flowing  east. 
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45.  Iron  x>ost,  stamped  '^ 32.17  M.,"  5.5  miles  south  of  Leonia,  200 
feet  south  of  Star  Creek,  a  half  mile  below  the  mouth  of  a  creek  which 
empties  into  Star  Creek  from  the  southwest,  about  600  feet  above 
the  mouth  of  a  ravine  which  enters  Star  Creek  from  the  southeast, 
and  about  50  feet  higher  than  the  bed  of  creek;  amid  large  timber. 

46.  Iron  post,  stamped  ** 33.01  M.,"  6.4  miles  south  of  Leonia,  0.9 
mile  south  of  Star  Creek,  amid  large  scattering  pine  trees  and  dense 
small  pines,  on  top  of  an  east- west  ridge  about  midway  between  Star 
Creek  on  the  west  and  the  top  of  high  ridge  on  the  east. 

47.  Iron  post,  stamped  '^  33.74  M.,"  7.2  miles  south  of  Leonia,  on 
i^teep  slope  draining  west  into  Star  Creek,  150  feet  north  of  a  small . 
stream  bearing  N.  45^  E.,  amid  dead  and  scattering  live  timber. 

48.  Iron  post,  stamped  ^'34.755  M.,"  8.2  miles  south  of  Leonia,  on 
top  of  high  timbered  ridge,  bearing  SW.-NE.,  which  forms  the 
divide  between  Star  and  Callahan  creeks.  A  line  20  feet  in  width 
was  cut  in  the  timber  and  can  be  seen  from  the  summit  of  Yak 
Mountain  and  intermediate  points  to  the  north  and  from  the  summit 
of  the  Cabinet  Mountains  and  intermediate  points  to  the  south.  (See 
PI.  IX.) 

49.  Iron  post,  stamped  *' 35.37  M.,"  3.4  miles  north  of  west  fork  of 
Callahan  Creek,  on  top  of  a  heavily  timbered  ridge  bearing  east-west, 
about  a  half  mile  east  of  the  junction  of  said  ridge  with  the  main 
ridge,  the  point  of  junction  being  the  highest  point  on  the  main  ridge. 

50.  Iron  i)ost,  stamped  "36.31  M.,"  2.5  miles  north  of  the  west  fork 
of  Callahan  Creek,  on  top  of  a  timbered  ridge  bearing  NW.-SE., 
about  1,000  feet  northwest  of  a  trapper's  cabin,  in  saddle  on  said 
ridge. 

51.  Iron  post,  stamped  **  36.86  M.,"  2  miles  north  of  the  west  fork  of 
Callahan  Creek,  on  west  point  of  ridge,  amid  dead  and  scattering  live 
trees  about  one-fourth  of  a  mile  west  of  top  of  high  ridge  bearing 
east. 

52.  Iron  post,  stamped  "  37.52  M.,"  1.3  miles  north  of  the  west  fork 
of  Callahan  Creek,  on  top  of  a  bare  ridge  bearing  southeast,  about 
halfway  between  the  top  of  the  ridge  on  the  west  and  a  deep  ravine 
on  the  east. 

53.  Iron  post,  stamped  "38.57  M.,"  0.25  mile  north  of  the  west  fork 
of  Callahan  Creek,  one-fourth  of  a  mile  west  of  a  deep  ravine  from 
the  north,  on  point  of  ridge  bearing  southeast,  amid  scattering  trees 
and  brush. 

54.  Iron  post,  stamped  "39.59  M.,"  on  top  of  high  timbered  ridge 

between  the  west  and  main  forks  of  Callahan  Creek. 

55.  Iron  post,  stamped  "40.51  M.,"in  Callahan  Creek  bottom,  60 
feet  west  of  bank  of  creek  and  just  east  of  the  old  Lightning  Creek 
trail,  amid  large,  dense  timber. 

56.  Iron  post,  stamped  "41.51  M.,"  1  mile  south  of  Callahan  Ci'eek 
on  high,  flat  ridge  bearing  nearly  eaaWwvist^  amid  tall  timber. 
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57.  Iron  x^st,  stamped  "42.35  M.,"  1.8  miles  south  of  Callahan 
Creek  on  top  of  timbered  ridge  bearing  NE.-SW. 

68.  Iron  post,  stamped  "43.50  M.,"  on  top  of  high- timbered  ridge 
which  forms  the  divide  between  Callahan  and  Keeler  creeks,  near  the 
head  of  the  east  fork  of  Callahan  Creek. 

59.  Iron  post,  stamped  "44.16  M.,"  on  point  of  ridge  between  and 
about  300  feet  west  from  the  junction  of  two  gulches  which  form  the 
north  branch  of  Keeler  Creek,  amid  dense  timber. 

60.  Iron  post,  stamped  "44.72  M.,"  on  top  of  heavily-timbered  ridge 
bearing  S.  60°  E.,  between  two  forks  of  Keeler  Creek. 

61.  Iron  i)ost,  stamx)ed  "45.10  M.,"  in  deep  canyon,  50  feet  south 
of  the  west  fork  of  Keeler  Creek,  amid  heavy  timber. 

62.  Iron  post,  stamped  "46.01  M.,"  on  top  of  high  east-west  tim- 
bered ridge  between  two  west  forks  of  Keeler  Creek. 

63.  Iron  post,  stamped  "46.68  M.,"  amid  heavy  timber  on  top  of 
bench  600  feet  north  and  about  100  feet  above  the  west  fork  of  Keeler 
Creek,  about  a  half  mile  west  of  the  junction  of  the  west  fork  with 
the  main  branch  of  that  creek. 

64.  Iron  post,  stamped  "47.78  M.,"  150  feet  north  and  40  feet  above 
Keeler  Creek,  which  bears  N.  30°  E.,  nearly  opposite  the  mouth  of  a 
canyon  in  the  cliffs  on  east  side  of  creek,  at  the  east  edge  of  timber. 

65.  Iron  post,  stamped  "48.67  M.,"  2.35  miles  north  of  the  east  fork 
of  Lightning  Creek,  on  top  of  the  east-west  rocky  ridge  which  forms 
the  divide  between  Keeler  and  Lightning  creeks,  about  400  feet  west 
of  a  saddle  and  100  feet  east  of  a  hump  on  the  ridge. 

66.  Iron  post,  stamped  "49.54  M.,"  1.5  miles  north  of  the  east  fork 
of  Lightning  Creek,  on  top  of  a  grassy  east-west  ridge,  about  600  feet 
east  of  a  peak  where  the  ridge  joins  a  north-south  ridge,  amid  scat- 
tering fir  trees. 

67.  Iron  post,  stamped  "50.09  M.,"  0.9  mile  north  of  the  east  fork 
of  Lightning  Creek,  at  the  top  of  slope,  in  top  of  rocks  on  southeast 
end  of  a  ridge. 

68.  Iron  post,  stamped  "50.99  M.,"  on  bench  435  feet  north  of  the 
east  fork  of  Lightning  Creek  and  about  200  feet  higher  than  the 
creek,  amid  heavy  timber  nearly  opposite  the  mouth  of  a  ravine  on 
south  side  of  creek. 

69.  Iron  post,  stamped  "51.85  M.,"  on  top  of  high  rocky  ridge 
between  two  east  forks  of  Lightning  Creek,  in  top  of  rock  ledge. 

70.  Iron  post,  stamped  "52.725  M.,"  10  feet  south  of  the  east  fork 
of  Lightning  Creek,  amid  large  timber. 

71.  Iron  post,  stamped  "53.24  M.,"  a  half  mile  south  of  the  east 
fork  of  Lightning  Creek,  1  mile  north  of  summit  of  Cabinet  Moun- 
tains, on  top  of  ridge  bearing  N.  15°  E.,  amid  scattering  pine  and  fir 
trees. 

72.  Iron  post,  stamped  "54.22  M.,"  on  summit  of  Cabinet  Moun- 
tains, between  the  head  waters  of  East  Lightning  and  W^'aX*  ^\x>fe 
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creeks,  about  1,000  feet  northeast  from  a  x>eak,  at  west  edge  of  small 
fir  trees  and  grass,  where  rocks  begin  in  ascending  the  peak,  about 
one-third  mile  west  of  a  saddle  on  summit  ridge.  This  x)oint  is  visi- 
ble from  post  24  on  the  summit  of  the  Yak  Mountains  and  from  all 
prominent  intermediate  i)oints,  also  from  x>ost  92,  on  the  summit  of  the 
Bitterroot  Mountains  and  from  intermediate  x>oints. 

73.  Iron  post,  stamped  "  54.905  M.,"  on  top  of  narrow  rocky  ridge 
bearing  S.  36"^  E.,  0.7  mile  south  of  the  summit  of  the  Cabinet  Moun- 
tains, 0.4  mile  south  of  basin  at  head  of  West  Blue  Creek,  amid  scat- 
tering fir  and  pine  trees. 

74.  Iron  post,  stamped  "55.58  M.,"  on  top  of  rock  ledge  1.4  miles 
south  of  the  summit  of  the  Cabinet  Mountains,  0.7  mile  north  of  West 
Blue  Creek,  on  east  slope  of  rocky  ridge,  0.6  mile  east  of  the  triangu- 
lation  station  Blacktop,  and  900  feet  south  of  a  small  stream  flowing 
east. 

75.  Iron  post,  stamped  *' 56.285  M.,"  2.1  miles  south  of  the  summit 
of  the  Cabinet  Mountains,  30  feet  east  of  West  Blue  Creek,  120  feet 
south  of  where  line  crosses  creek  under  high  cliffs  on  east  side  of  creek, 
8  feet  south  of  a  36-inch  hemlock  stump  and  amid  heavy  timber. 

76.  Iron  post,  stamped  "57.14  M.,"  2.9  miles  south  of  the  summit  of 
the  Cabinet  Mountains,  on  west  side  of  West  Blue  Creek  and  173  feet 
south  of  where  line  crosses  it,  opposite  almost  perpendicular  cliffs  on 
the  east  side  of  creek,  about  0.25  mile  above  the  mouth  of  a  canyon 
from  the  northeast,  amid  large  timber  just  west  of  an  old  trail. 

77.  Iron  i)ost,  stamped  "  57.975  M.,"  3.7  miles  south  of  the  summit 
of  the  Cabinet  Mountains,  on  a  small  bench  on  steep  rocky  slox>e, 
one-fourth  mile  east  of  West  Blue  Ci'eek. 

78.  Iron  post,  stamped  "58.93  M.,"  4.7  miles  south  of  the  summit 
of  the  Cabinet  Mountains,  on  top  of  a  narrow  ridge,  200  feet  above 
West  Blue  Creek  and  about  opposite  the  south  end  of  a  long  ridge  on 
the  west  side  of  the  creek,  amid  scattering  pine  trees. 

79.  Iron  post,  stamped  "59.975  M.,"  3  miles  north  of  Clark  Fork 
of  Pend  Oreille,  on  top  of  north  bank  of  West  Blue  Creek  at  south 
side  of  large  flat;  in  open  ground. 

80.  Iron  post,  stamped  " 60.79  M.,"  2.1  miles  north  of  Clark  Fork, 
on  flat  ground,  amid  heavy,  dense  timber,  about  GOO  feet  west  of  edge 
of  bench,  where  the  surface  descends  to  West  Blue  Creek.  An  old 
trail  crosses  the  line  150  feet  south  of  the  post. 

81.  Iron  i)ost,  stamped  "61.605  M.,"  1.3  miles  north  of  Clark  Fork, 
on  top  of  flat  ridge,  amid  heavy  timber,  30  feet  southeast  of  a  pond 
100  feet  in  diameter. 

82.  Iron  post,  stamped  "62.35  M.,"  0.5  mile  north  of  Clark  Fork, 
on  top  of  flat  east-west  ridge,  amid  heavy  timber. 

83.  Stone  monument  G  feet  long,  10  inches  by  10  inches  square, 
with  an  aluminum  bench-mark  tablet  stamped  "63.03  M."  cemented 
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in  its  top,  located  7  feet  north  of  tlie  Northern  Pacific  Railway,  1  mile 
eaHtward  from  Cabinet,  Idaho,  450  feet  e^wtward  fi-om  sign  **  1  mile 
to  Cabinet,"  150  feet  eastwanl  from  a  cut  at  sharp  curve  in  railroad 
track. 

84.  Iron  post,  stami>ed  '*  03.98  M.,"  1  mile  south  of  the  Northern 
Pacific  Railway,  0.2  mile  northward  from  Baker's  house,  amid  heavy 
timber  on  south  bank  of  small  stream  flowing  N.  75°  W. 

85.  Iron  post,  stamped  "64.95  M.,"  1.9  miles  south  of  the  Northern 
Pacific  Railway  at  the  foot  of  mountain,  100  feet  west  of  the  mouth 
of  a  small  stream  in  deep  ravine;  amid  heavy  timber. 

80.  Iron  post,  stamped  '*  05.70  M.,"  2.7  miles  south  of  the  Northern 
Pacific  Railway,  under  west  brow  of  a  long,  narrow  ridge,  about  300 
feet  south  from  where  the  ridge  begins  st-eep  descent;  amid  dense 
timber. 

87.  Iron  post,  stamped  *' 00.50  M.,"  3.5  miles  south  of  the  Northern 
Pacific  Railway,  on  top  of  high  east-west  ridge,  about  300  feet  east 
of  its  junction,  with  a  north-south  ridge;  amid  scattering  large  timber. 
-  88.  Iron  post,  stamped  "07.40  M.,"  on  top  of  high  east-west  tim- 
bered ridge,  1  mile  north  of  the  west  fork  of  Elk  Creek,  about  one- 
fourth  mile  east  of  where  the  ridge  joins  north  and  south  ridge. 

80.  Iron  post,  stamped  "08.475  M."  (post  should  have  been  stamped 
"08.44  M."),  in  heavily  timbered  bottom,  00  feet  north  of  the  dry  bed 
of  the  west  fork  of  Elk  Creek,  about  1  mile  west  of  the  mouth  of  a 
creek  from  the  southwest. 

90.  Iron  post,  stamped  *' 09.08  M.,"  on  top  of  narrow  east-west 
ridge  between  the  west  fork  of  Elk  Creek  and  a  small  stream  from 
the  southwest,  amid  timber. 

91.  Iron  post,  stami)ed  "09.70  M.,"  on  top  of  nearly  bare  ridge 
between  two  ravines  bearing  northeast. 

92.  Stone  masQnry  monument,  0  feet  long,  10  inches  by  10  inches 
square,  consisting  of  ten  sections  cemented  and  bolted  together.  An 
aluminum  bench  mark  stamped  "  92-70.717  M.,  4,850  feet"  is  cemented 
into  the  top  of  the  monument.  The  monument  stands  on  the  top  of 
a  bare  gnissy  ridge,  amid  scattering  dead  trees,  at  the  junction  of  a 
ridge  from  the  west  with  said  ridge.  The  ridge  at  this  i>oint  bears 
NW.-SE.  and  forms  the  summit  of  the  Bitterroot  Mountains.  (See 
PI.  XI,  B,) 

It  will  be  recalled  that  it  has  been  previously  mentioned  that  an 
error  was  made  in  the  field  computation,  the  result  of  which  was  to 
locate  the  starting  point  of  the  random  line  177  feet  east  of  the  true 
point.  The  transitman  did  not  know  of  this  error  when  he  surveyed 
the  random  line,  but  as  a  result  of  a  personal  equation  introduced  into 
his  work  his  line  varied  from  a  true  line  by  a  constant  swing  toward 
the  west,  so  that  when  he  reached  the  int:ernational  boundary  the 
point  on  the  random  line  was  43  feet  east  of  the  true  point.     Thus,  in 
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about  71  miles  the  transitman  ran  a  line  which  at  its  terminal  point 
was  134  feet  ''out"  in  azimuth.  With  this  exphmation  the  following 
table  is  self-explanatory: 

Table  nliowing  number  and  hind  of  monuments,  distances^  elevations,  magnetic 
declinations  and  time  of  magnetic  Observations  along  the  boundary. 


I 


Num- 
ber of 
monu- 
ment 

Distance 
from 
inter- 
national 
bound- 
ary. 

Eleva- 
tion at 
monu- 
ment. 

Feet. 

Distance 
west 
from 

random 
line. 

1 

1 

Kind  of 
monu- 
ment. 

Maff- 
netio 
declina- 
tion 

(east). 

Time  of  magnetic  ob- 
servation. 

Mile: 

Feet. 

o       / 

0 

0.00 

4.805 

48 

Stone  .... 

1 

0.40 

4,691 

49 

Iron  post. 

28    10 

9  a.m..  Oct.  81. 1808. 

<> 

1.15 

5.008 

50.5 

do...- 

28    02 

1p.m..  Oct.  90,1806. 

8 

1.82 

5,186 

65 

do.-.. 

28    15 

8  a.m..  Oct.  80, 1806. 

4 

2.85 

5.496 

74 

do.... 

23    18 

1.30  p.m..  Oct.  28, 1808. 

5 

8.68 

5.223 

79.8 

do.... 

28    06 

3p.m.,Oct.  27,1806. 

6 

4.66 

5,167 

?2 

do.... 

28    00 

3  p.m.,  Oct.  26, 1806. 

t 

5.415 

5.477 

82.5 

do.... 

23    08 

8.30  am.,  Oct.  26, 1806. 

8 

6.295 

0,124 

83.5 

do.... 

23    08 

11a.m.,  Oct.  25, 1896. 

9 

6.825 

5.954 

84 

do.... 

23    03 

3p.m..Oct.22.1808. 

10 

7.58 

6,060 

85 

do...- 

23    OS 

8  a.m..  Oct.  22, 1806. 

n 

8.21 

5,712 

86 

do.-.. 

23    03 

1p.m..  Oct.  21, 1808. 

12 

8.61 
a9.00 

6,116 
6,161 

87 
87 

do.... 

10a.m.,Oct.21,189& 

13 

do.... 

22    54 

u 

69.47 

6,612 

88 

....do.... 

23    05 

1p.m.,  Oct.  20, 1808. 

15 

10.16 

4,595 

89 

do.... 

28    03 

4  p.m.,  Oct.  19, 1808. 

16 

11.005 

5.514 

90 

do.... 

22    55 

2  p.m.,  Oct.  18, 1898. 

17 

11.49 

5,407 

91 

do.... 

22    53 

a45  p.m.,  Oct.  17, 1806. 

18 

12.13 

5.200 

91.5 

do.... 

23    12 

9  a.m..  Oct.  17.1806. 

19 

12.915 

4.375 

93 

do.... 

28    05 

1  p.m..  Oct.  15. 1898. 

20 

13.70 

5,700 

94 

do.... 

23    45 

2  p.m., Oct.  10, 1898. 

21 

14.40 

4,374 

95 

do.... 

23    01 

8  a.m..  Oct.  10, 1808. 

22 

14.86 

5.448 

95 

do.... 

23    57 

a30a.m.,Oct.8,18eB. 

28 

15.62 

6.290 

96 

do.... 

23    43 

Noon,  Oct.  7, 1808. 

24 

16.215 
16.81 

6,627 
5,406 

96 
97 

do.... 

5  p.m.,  Oct.  8, 1898. 

25 

do.... 

28    03 

26 

17.60 

4,966 

'      98 

do.... 

23    25 

1p.m.,  Oct.  8, 1808. 

27 

18.05 

3,817 

98 

do.... 

22    80 

5  p.m.,  Oct.  2, 1898. 

28 

19.06 

2,804 

99 

do.... 

23    00 

10.30  a.m.,  Oct.  2, 1898. 

29 

19.79 

2,528 

100 

do.— 

28    08 

1  p.m.,  Oct.  1.1898. 

80 

20.40 

2.604 

100.5 

do.... 

23    05 

8  a.m., Oct.  1.1808. 

81 

^.23 

2,490 

101 

do.... 

33    02 

9  a.m.. Sept. 30. 1898. 

82 

21.73 

2.520 

102 

do.... 

23    59 

4.30  p.  m. ,  Sept.  28, 1808. 

83 

22.23 

2.«W 

102 

do.... 

23    50 

11  a.m.,  Sept.  28, 1898. 

84 

23.12 

2,541 

108 

do.... 

23    56 

1.80  p.m..  Sept.  26. 1898. 

86 

24.10 

2.418 

104 

do.-.. 

23    00 

8.30  a.m..  Sept.  20, 1898. 

86 

24.965 

2,425 

105 

do..-. 

23    50 

1.3()  p.m.,  Sept.  24, 1898. 

37 

25.79 

2,199 

106 

do--.- 

23    08 

430  p.m..  Sept.  23, 1898. 

38 

26.14 

1,978 

107 

do... 

39 

26.61 

1,833 

107 

Stone  .--- 

33    45 

1p.m..  Sept.  33, 1898. 

40 

27.45 

2,678 

107 

Iron  post. 

23    48 

8  a.m., Sept. 23, 1898. 

41 

28.215 

3,021  ' 

106 

do  — 

22    39 

l.:*)p.m.,Sept.a0.18«8. 

42 

29.115 

3,546 

loe 

do-... 

22    .15 

2.30  p.m., Sept.  19, 1808. 

aSU 

iwIMmI  fi 

l.0«. 

L-m\ve^'^.\i*v 
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Tabu  thowiim  -number  and  kind  of  numumenU,  etc. — Coatlaaed, 


s 

DtaUnw 
from 

natlonil 
bonnd- 

Eleva- 

Dlataooe 
trom 
line. 

Klndof 

declliu- 

tlon 
(eaat). 

™"i',S3KI""* 

Ifjlf*. 

FhI. 

Ftrt, 

13 

3D,  (6 

3.G3B 

110 

InmtHt. 

a  33 

5i>.m.,Sept.I8.18a8. 

U 

31.03 

3.367 

m 

....do.... 

St   46 

1  p.  m-.Sapt.  10.1888. 

« 

m.lT 

8,W« 

114 

....do..., 

« 

33.01 

4,410 

lis 

....do.... 

S   27 

1  p.  m..a«i>t.  14,1MB. 

88.74 

4.3(8 

....do— . 

S    40 

4.30  p.  m.,  Sept.  IS.  1880. 

« 

3(.TSS 

MS 

118 

....do.... 

«    3K 

8^ni..8ept.l«,laS8. 

G.Bn 

....do.... 

lla.iu..8ept.ia.ia«). 

10 

36.3) 

6.S36 

LW 

...-do.,.. 

SS    IS 

2p.m..Bept.  0.1888. 

n 

38.8* 

6.6JS 

m 

SS    43 

eB.ni..Sept.8.18»6. 

4,7*0 

,,..do,.,. 

il   » 

t2.30p.m.,Sept.7,W«. 

13 

38.57 

3,486 

...  do.... 

4.433 

us 

...  do-..- 

li30p.ni..8ept.5.18W. 

K 

3,088 

131 

....do.... 

230T>,ra..Sept.l,18M, 

U 

41.  SI 

t.TK 

ia> 

.-..do... 

Xi  a 

4  p.  m., Sept.  3,  ISM, 

SI 

4»-36 

6.448 

m 

...-do.... 

ffi    10 

2.30p.m.,8ept.2,lSB6. 

M 

4a  BO 

6.870 

lao 

...do.... 

S    12 

1230  p,m.,ADg.2>.  1808. 

W 

44.18 

4.M7 

131 

....do.... 

£2    15 

1.30p.m..ADr27.1386. 

00 

44.  M 

6.107 

..do.... 

22    06 

3p,iu.  AUS-SO-IW*- 

81 

4S.1U 

3.  WE 

138 

.    -do.... 

m  23 

B«,ffl,.Aiig.2U.lJ«8- 

48.01 

S.178 

131 

....do.... 

2&   20 

2.30p,m,  Aug,St.J«». 

ra 

40.68 

8.887 

UB.S 

-...do..- 

21    IS 

6p,in.  Ang,a).lW«. 

M 

47.78 

4.fl6! 

in 

....do..,. 

22    IX 

4.a0p.m..Au«3U8SB. 

■s 

48.  n 

8.088 

S    20 

2p.nL.Ang.lB.18« 

M 

4».H 

6,TK1 

....do...- 

ffi    » 

Ba.m.,ADK.l«.18a8. 

a 

SO.  00 

6.«1S 

130 

....do.... 

28    28 

aSO  p.  m..Au([.  13,1808. 

68 

50.  SB 

8.0S8 

...-do.... 

2.30p.m..An«.12,18»B. 

OB 

6,0QS 

.-.do.... 

23    10 

10>.m.,AuB.11.18ge. 

70 

S£.7a 

4.  aw 

14£ 

....do.... 

£2    HB 

10  ii.in..  Aug.  0,1866. 

S3. 84 

5.386 

14£ 

....do.... 

22    30 

a  p.  m„  Aug,  8. 1888. 

7! 

U.2S 

8.780 

103 

...-do.... 

23    14 

8B,ni..ADB.8.1M8H. 

la 

M.DUO 

8,187 

108 

....do.-.. 

a    28 

7.304i,zii.  Aug..l,1698. 

74 

U.«6 

6,3B 

104 

....do.... 

21    60 

I  p.-m.  Aug  5, 1S08. 

n 

4,130 

105 

....do.... 

28    10 

8.45  m.ni..  Aug.  8.18(8. 

78 

B7.14 

3.n4 

106 

....do.... 

22    X 

ll..m..Jnl780,Itm. 

77 

57.  KS 

3.856 

100 

....do.... 

22    BS 

B.»p.ra.,jQly2B,tBB8, 

HI.13 

4.aM 

167 

....do-... 

23    06 

10  ft.  m.,  July  28, 1808. 

7» 

50.975 

i.OfH 

log 

....do.... 

22    33 

l,.')Op,tti.,Jiilr  271668. 

M 

80.78 

K.OOU 

100 

....do.... 

2!    IS 

Nuotj.Julyaa,!***. 

81-008 

S.067 

100 

....do.... 

22    27 

4  p.  m.,  Jnlr  24, 1806. 

ta 

OS.  35 

a.  487 

170 

22    32 

1.30p,ia.,Jiilraa,J«l8, 

SI.  03 

S.228 

iro 

»tiine  .... 

22    S2 

3p.m.,jQly2l,lSl«. 

M 

03,88 

2.410 

171 

IroupoBt. 

22    22 

3,46p.in..Jnlr20,ie«8. 

BS 

—  do-  — 

22    2B 

B.30».m..Jnl7».18»9. 

M 

3.60) 

m 

-...do.... 

£2   20 

12.30p.m.,Jql7l8.1BB«l. 

00.  BO 

4.Ge3 

173 

....do.... 

22    04 

10,  go  B.m.,Jnt;  18.1808. 

4,703 

...do-... 

tp.ni..Jalyl4,lW8. 

ee 

z,8«r 

175 

....do.... 

£2    20 

ULm., July  13.1808. 

» 

00,08 

4.841 

178 

....do.... 

£2    20 

ll..ni.,Jnlyl2,18BB. 

00,70 

....do...- 

70.717 

4.848 

177 

Btooe.... 

22    IE 

1030».m.,Jul7  0.1808. 

\ 

aHUmped  eUlli. 
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THE  rNTBBNATIONAIi  BOirNl>ARY  WEST  OF  THE  SUMMIT 
OF  THE  ROCKY  MOUNTAINS,  AND  THE  MOOYIB  THAI  I* 
MONUMENT. 

On  August  11,  1856,  a  law  was  passed  by  Congress  authorizing  the 
appointment  of  a  commission  to  unite  with  a  similar  commission  to  be 
appointed  by  Great  Britain  for  the  purpose  of  carrying  into  effect  the 
first  article  of  the  treaty  of  June  15,  1846,  that  is  to  determine  and 
mark  the  boundary  line  between  the  United  States  and  British  pos- 
sessions westward  from  the  summit  of  the  Rocky  Mountains.  In 
February,  1857,  Mr.  Archibald  Campbell  was  appointed  commissioner 
for  the  United  States,  and  Lieut.  John  G.  Park^,  United  States  Army, 
was  appointed  chief  astronomer  and  surveyor.  Three  commissioners 
were  appointed  by  Great  Britain.  Captains  Prevost  and  Richards,  of 
the  Royal  Navy,  were  first  and  second  commissioners,  respectively, 
their  duties  being  limited  to  the  determination  of  the  water  boundary 
referred  to  as  **  the  channel  which  separates  the  Continent  from  Van- 
couver's  Island."  In  the  summer  of  1858,  Col.  J.  S.  Hawkins,  Royal 
Engineers,  appointed  by  the  British  Government  commissioner  to 
determine  the  boundary  line  along  the  forty-ninth  parallel,  arrived 
in  the  United  States  prepared  for  field  operations.  At  a  meeting  of 
the  joint  commission  the  following  agreement  relating  to  the  plan  of 
work  was  entered  into : 

After  diflcossing  plans  for  determining  and  marking  the  line  as  far  eastward  as 
the  Cascade  Monntains,  it  was  conclnded  to  be  inexx>edient  at  the  present  time, 
in  consequence  of  the  great  expense,  consamption  of  time,  and  the  impracticable 
nature  of  the  country,  to  mark  the  whole  boundary  by  cutting  a  track  through 
the  dense  forest. 

It  was  therefore  agreed  to  ascertain  points  on  the  line  by  the  determination  of 
astronomical  points  at  convenient  intervals  on  or  near  the  boundary  and  to  mark 
such  astronomical  stations,  or  points  fixed  on  the  parallel  forming  the  boundary, 
by  cutting  a  track  of  not  less  than  20  feet  in  widl^  on  each  side  for  the  distance 
of  half  a  mile  or  more,  according  to  circumstances.  Farther,  that  the  boundary 
be  determined  and  similarly  marked  where  it  crosses  streams  of  any  size,  perma- 
nent trails,  or  any  striking  natural  feature  of  the  country. 

In  the  vicinity  of  settlements  on  or  near  the  line  it  is  deemed  advisable  to  cut 
the  track  for  a  greater  distance  and  to  mark  It  in  a  manner  to  be  determined 
hereafter. 

Under  this  plan  it  seems  that  the  work  was  prosecuted  through  the 
field  seasons  of  1858,  1859,  and  1860,  but  owing  to  the  war  between 
the  States,  which  followed  soon  after,  all  operations  were  suspended, 
and  no  detailed  report  was  ever  published. 

The  following  is  an  extract  from  a  short  report  by  Mr.  Archibald 
Campbell,  United  States  commissioner,  published  in  House  Executive 
Document  No.  86,  Fortieth  Congress,  third  session: 

The  work  of  running  and  marking  the  land  boundary  was  carried  on  through  a 

country  previously  almost  unknown.    The  forty-ninth  i>arallel  extends  over  rug- 

ged  Bad  preoipitooB  mountalnfl  that  attain  great  elevation,  and  in  the  Cascade 
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Range,  on  and  near  the  bonndary,  perpetual  snow  covers  many  of  the  peaks, 
whose  northern  gorges  are  filled  np  with  immense  glaciers.  The  timber  on  the 
western  slope  of  the  Cascade  Mountains  is  dense,  being  a  heavy  growth  of  pine 
and  fir  that  in  many  places  stands  over  a  fallen  forest  not  yet  decayed.  This  is 
the  character  of  the  country  as  far  eastward  as  the  valley  of  the  Similkameen 
River,  one  of  the  tributaries  of  the  Columbia.  Here  the  timber  becomes  more 
open  and  surveying  oi)erations  less  difficult. 

After  passing  the  Oklnokane  River,  which  is  the  lowest  line  of  the  great  valley 
between  the  Cascade  and  the  Rocky  «Moun tains,  the  country  again  becomes  rough 
and  the  timber  more  dense,  but  less  so  than  the  western  slope  of  the  Cascade 
Mountains. 

It  being  impossible  to  follow  the  forty -ninth  parallel  continuousiy,  the  line  of 
survey  was  carried  over  the  nearest  practicable  route  for  a  pack  trail,  connecting 
each  astronomical  station,  making  a  total  length  of  line  of  survey  of  about  800 
miles.  Astronomical  stations  were  established  by  parties  of  the  joint  commission 
at  almost  every  accessible  point  from  which  the  boundary  line  is  ascertained,  and 
marked  by  a  vista  across  all  valleys  and  trails,  where  rough  stone  monuments 
were  erected  over  posts  buried  in  the  ground  to  indicate  the  exact  line. 

The  reconnoissance  work  extends  over  an  area  of  about  80,000  square  miles. 
Within  this  space  the  barometrical  heights  of  over  800  points  have  been  obtained. 

A  magnetic  survey,  extending  over  a  range  of  dO"  20'  in  latitude  and  4**  in  longi- 
tude, with  the  necessary  observations  of  the  magnetic  elements  of  the  astronom- 
ical stations,  was  also  made. 

The  entire  length  of  the  land  boundary  line  is  over  O*'  in  longitude,  or  about  410 
miles,  and  the  length  of  the  route  traveled  in  surveying  it  is  double  that  distance. 
Trails  had  to  be  opened  for  three-fourths  of  the  distance  traveled,  involving  great 
labor  in  cutting,  grading,  and  bridging  to  make  the  route  practicable  for  pack- 
mule  transportation.  The  water  courses  were  numerous  and  rapid,  rendering  the 
fords  frequent  and  dangerous,  and  a  slight  rise  of  many  of  the  streams  would  have 
made  them  impassable  but  for  the  timely  precaution  of  building  bridges  at  small 
streams  and  ferryboats  at  the  river  crossings.  Many  of  the  trails  opened  are  now 
traveled  routes  to  the  mines  then  and  since  discovered,  which  are  rapidly  develop- 
ing that  section  of  the  country,  where  almost  every  valley  of  any  extent  affords 
facilities  for  agricultural  pursuits. 

In  collating  the  results  of  the  survey  reports  upon  the  geology,  botany,  and 
natural  history  of  the  country  reconnoitered  were  prepared  and  complete  maps, 
on  a  large  scale,  made  of  the  entire  boundary  and  the  adjacent  country.  A  gen- 
eral map  has  also  been  made,  showing  the  extent  of  the  country  traversed.  And 
to  facilitate  the  survey  of  the  public  lands  photographic  duplicates  of  the  detailed 
sheets,  showing  each  monument  on  the  boundary  line,  with  its  geographical  posi- 
tion, were  furnished  to  the  General  Land  Office.  Photographic  duplicates  of  the 
detailed  sheets  of  the  water  boundary  have  also  been  made  and  furnished  the 
Department  of  State  in  illustration  of  the  question  of  the  boundary  channel. 

Copies  of  the  maps  referred  to  in  Mr.  Campbell's  reports  are  in 
existence.  The  boundary-line  maps  are  in  14  sheets,  with  the  title, 
Detailed  Maps  of  the  Northwest  Boundary,  from  Point  Roberts  to  the 
Rocky  Mountains,  between  the  United  States  and  the  British  Posses- 
sions, under  the  treaty  of  June  15,  1846,  showing  monuments,  cuts, 
and  other  marks.  The  scale  of  the  maps  is  1 :  60,000,  and  the  topog- 
raphy is  shown  in  hachures.  The  general  map  referred  to  is  in  con- 
tours and  apparently  on  the  same  scale  as  the  detailed  maps. 

From  an  inspection  of  the  detailed  map  it  appears  that  ttv^i^  ^^2^^ 
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two  portions  of  the  l)oundary  line  which  seem  to  be  adeqiiateLy  marked, 
one  of  them  being  from  Point  Roberts,  on  Juan  de  Fuca  Strait, 
eastward  for  a  distance  of  about  41  miles,  and  the  other  being  from 
Similkameen  River,  across  the  northern  boundary'  of  what  was  for- 
merly the  Colville  Indian  Reservation,  to  the  CJolumbia  River,  a  dis- 
tance of  about  91  miles ;  the  eastern  part  of  this  latter  portion,  however, 
is  not  so  well  marked  as  the  western  part. 

The  portions  which  are  inadequately  marked — in  fact,  not  marked 
at  all — comprise  intervals  as  follows: 

POrtUma  of  ititemational  boundary  west  of  the  summit  of  the  Rocky  Mountains  and 

the  Mooyie  Trail  monument  whicfi  are  not  marked, 

MUes 
(approziiiiate). 

West  slope  of  Cascade  Monntains 16 

Across  summit  of  Cascade  Monntains  to  Pasayten  River 54 

Pasayten  River  to  one  hundred  and  twentieth  meridian 24 

One  imndred  and  twentieth  meridian  to  Similkameen  River   15 

Columbia  River  to  Clark  Fork  _ 10 

Clark  Fork  to  Kootenai  Mountain 11 

Kootenai  Mountain  to  Kootenai  River 28 

Kootenai  River  to  Mooyie  Trail 15 

Mooyie  River  to  Yaak  River ^ 25 

Yaak  River  to  summit  west  of  Kootenai  River 17 

Summit  west  of  Kootenai  River  to  Kootenai  River 5 

Kootenai  River  to  Humtnit 5 

Summit  to  Wigwam  River 14 

WiK warn  River  to  Flathead  River 14 

Flathead  River  to  Kishemeen  Creek 4 

Kishemeen  Creek  to  summit  of  Rocky  Mountains 13 

There  is  no  question  at^  to  the  desirability  of  properly  marking  the 
boundary  line,  althougli  it  is  true  that  the  unmarked  portions  are  in 
a  rough,  mountainous,  and  unsettled  section,  and  the  expense  and 
labor  connected  with  making  the  necessary  I'esurveys  and  placing 
monuments  would  be  large. 

When  the  boundary  line  between  Idaho  and  Montana  was  run 
northward  to  the  international  boundary,  it  was  not  possible  to  locate 
its  terminal  point  as  satisfactorily  as  might  have  been  desired,  because 
of  the  fact  that  there  was  no  monument  on  the  international  bound- 
ary within  a  reasonable  distance  with  which  a  connection  could  be 
made.  The  same  is  true  of  the  boundary  line  between  Washington 
and  Idaho,  and  also  of  a  guide  meridian  run  by  the  Geological  Survey 
northward  from  the  thirt^ienth  standard  parallel  in  Idaho.  The 
Washington  Forest  Reserve,  the  Priest  River  Forest  Reserve,  and 
the  Flathead  Forest  Reserve  abut  against  this  boundary,  and  in 
making  the  topographic  survey  of  these  reserves,  as  well  as  in  pro- 
jecting the  public-land  lines  noilhward,  it  is  very  important  that 
there  ^should  be  well-defined  monuments  to  which  these  survevs  can 

'onnected.     There  are,  of  course*,  maxi^'  otAi^r  apparent  reasons 
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why  the  international  boundary  should  be  permanently  and  conspic- 
uously marked,  but  special  reference  is  made  to  those  mentioned,  for 
they  have  a  bearing  on  the  work  of  the  Geological  Survey. 

As  the  instructions  relating  to  the  Idaho-Montana  boundary  line 
provided  for  a  connection  by  triangulation  or  other  methods  with  a 
monument  on  the  international  boundary,  inquiry  was  made  at  the 
State  Department  for  information  on  the  subject  and  permission  was 
granted  to  examine  the  records  of  the  Northwest  Boundary  Survey. 
A  visit  was  made  to  the  manuscript  room  of  the  Department,  and 
several  lists  of  geographical  positions  were  found.  As  these  positions 
have  not  been  published  heretofore,  two  lists  are  given  below.  The 
second  list  gives  geographical  positions,  and  is  signed  by  of&cers  of* 
the  British  and  American  commissions. 

ExtracU  from  State  Department  records  of  United  States  Northwest  Boundary 

Survey, 

[In  lead-colored  chest  in  manuscript  room.] 

Camp  Columbia. '  117"  37'  33'.9  on  brink  of  hill,  west  bank  of  river. 

'  117"  37'  05'.2  near  east  bank  of  river. 

Camp  Kootenay  West. .  116"  35'  44\9  on  side  of  mountain,  west  side  of  valley. 

116"  31'  05'.9  on  brow  of  first  hill,  right  bank  of  river. 

Camp  Moope 116"  12'  22'.3  on  side  of  mountain,  west  side  of  valley. 

116"  11'  54'.5  on  plateau  above  creek.    Position  approxi- 
mate. 

116"  ir  2o'.6  on  left  bank  of  creek  close  to  water. 
116"  1  r  24'      on  high  bluff  left  bank.    Posit.on  approxi- 
mate. 
Camp  Kootenay  £^t...  115"  16'  01 '.4  on  east  bank  of  ravine  beyond  which  the 

mountains  rise. 
115"  11'  ir.2  on  right  bank  of  Kootenay  River. 
115"  10'  ir.6  on  second  plateau,  left  bank  of  river. 
115"  03'  2S\1  at  foot  of  mountain,  left  bank  small  creek. 
(N.  B. — This  station  was  moved  from  its  position  as 
placed  by  the  United  States  surveyors  by  the  British 
surveyors.    Description  is  of  the  new  position.) 

Lat.  N.  Long.  W.  Qr. 

e  /  //  o  /  // 

CampColumbia 48  59  50.4  117  87  41.8 

Fort  Shepherd  Station 49  00  00.0  117  87  19.4 

Junction  of  Salmon  River  with  Clarks  Pork 49  01  32. 4  117  23  24. 5 

Pend  O'Reille Station 49  00  03.5  117  21  62.9 

Kootenay  Mountain  Station 49  00  12.8  117  10  48.4 

Triangulation  pole .48  58  48.0  117'  00  88.1 

Sinyakuateen  depot 48  09  23.8  116  48  42.9 

Camp  Kootenay  West 48  59  55.1  116  81  16.2 

Junction  of  trails  near  Acklewcache 48  54  21.4  116  22  02.1 

Mooyio  Trail  monument   49  00  01.8  116  14  59.2 

CampMooyie.   49  01  26.0  116  12  40.5 

YahtStation 48  59  55.4  115  88  51.0 
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From  the  foregoing  list  it  appeared  that  the  Moo3ie  Trail  monu- 
ment was  the  point  on  the  international  boundary  nearest  the  Idaho- 
Montana  boundary  line,  and  Mr.  Perkins  was  instructed  to  make  a 
search  for  it.  The  monument  is  about  32  miles  from  Bonners  Ferry, 
Idaho,  and  is  easily  reached  by  the  new  Wild  Horse  trail.  It  is  on 
the  west  side  of  and  near  the  trail  between  Round  Meadows  hay  ranch, 
or  Walters  Prairie,  and  Mooyie  River,  and  about  5  miles  from  the 
former.  It  is  about  a  half  mile  beyond  a  section  of  the  trail  which 
for  a  distance  of  about  one-fourth  mile  is  filled  with  loose  rock.  As 
the  monument  is  approached  the  trail  passes  through  a  heavy  growth 
of  timber  and  underbrush.  The  monument  consists  of  a  large  pile  of 
partly  angular  rocks,  now  knocked  down  by  fallen  trees.  Originally, 
the  trees  in  the  immediate  vicinity  of  the  monument  were  cut  down. 

It  will  be  observed  that  the  latitude  for  the  Mooyie  Trail  monu- 
ment given  in  the  list  signed  by  the  officers  of  the  United  States  and 
British  commissions  is  49°  00'  01".  3,  or  1".3  (about  132  feet)  north  of 
the  parallel  constituting  the  international  boundary,  and  it  was  sup- 
posed that  the  point  marked  by  the  monument  was  in  that  latitude, 
and  therefore  not  exactly  on  the  international  boundar5\  During  the 
field  season  of  1898  the  triangulation  was  extended  so  as  to  locale 
this  monument,  and  its  position  deduced  from  the  Spokane  base  is 
as  follows:  Latitude,  49"  00'  01".51;  longitude,  11G°  14'  19".48. 

The  check  in  latitude,  21  feet,  was  considered  very  satisfactory, 
and  even  the  discrepancy  in  longitude,  about  2,647  feet,  was  not 
more  than  might  be  expected,  considering  the  lack  of  telegraphic 
facilities  at  the  time  of  the  Northwest  Boundary  survey.  The  point 
determined  as  the  true  one  for  the  intersection  of  the  international 
boundary  and  the  Idaho-Montana  boundary  line  was  located  with 
reference  to  the  Mooyie  Trail  monument,  so  that  there  need  be  no 
large  discrepancy,  except  that  due  to  station  error,  when  the  inter- 
national boundary  is  ultimately  traced  and  marked,  it  being  assumed 
that  the  work  alread}''  done  by  the  Northwest  Boundary  survey  will 
be  accepted  and  utilized. 

The  distance  from  the  point  on  the  Idalio-Montana  boundary  line 
at  the  crest  of  the  Bitterroot  Mountains  to  the  international  boundary, 
used  in  placing  the  initial  monument,  was  computed  as  follows,  the 
constants  being  taken  from  United  States  Coast  and  Geodetic  Surx'^ey 
Report,  1884,  Appendix  No.  6: 


Latitude. 


Transit  station,  crest  of  Bitterroot  Monntains 47    58    35. 56 

International  parallel —  49      0      0. 00 

Difference 1     01     24.44 
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1^      =60.097  mUee=364,882  feet. 

1'       =1,858. 16  meters, 
log.  1        =30.886  meters,  1 .  489762 

log.  24". 44  1.888101 


log.         754. 86  meters        =        2.877868 
1,858.16 


log.      2, 608. 01  meters,  3. 41 6809 
log.     meters  to  feet,     0. 515984 


log.     8,W  feet     =     8.982298 
364,882 


378, 886  feet. 

Correction 'p       -|-21 

♦    

378, 407  feet,  total  distance. 

FINAKCIAIi  STATEMENT. 

• 

A  financial  statement  is  presented  below  showing  how  the  amount 
appropriated  for  the  survey  of  the  boundary  line  was  expended.  As 
already  mentioned,  however,  this  amount  does  not  represent  the 
entire  cost  of  the  work,  for  the  greater  portion  of  the  animals  and 
outfit  were  transferred  from  other  localities,  where  they  had  been 
used  by  parties  of  the  Greological  Survey  working  under  other  appro- 
priations. Further,  it  was  possible  to  use  a  portion  of  the  triangula- 
tion  done  in  connection  with  the  forest  surveys,  and  the  expenses  of 
the  party  while  engaged  in  sketching  topography  were  charged  in 
part  against  the  appropriation  for  topographic  surveys.  No  portion 
of  the  salary  of  the  geographer  in  charge  of  the  work  was  paid  from 
the  appropriation  for  the  boundary  line,  nor  were  any  office  salaries 
charged  against  it.  But  for  this  material  assistance,  which  did  not 
in  any  way  detract  from  other  work,  the  cost  of  the  boundary  survey 
would  probably  have  been  increased  more  than  twofold.  On  the 
other  hand,  a  large  portion  of  what  was  accomplished  in  connection 
with  the  boundary  line  can  be  utilized  in  other  directions.  The  appro- 
priation of  $7,650  was  originally  made  for  expenditure  during  the 
fiscal  year  ending  June  30,  1898.  The  unexpended  balance  on  that 
date  was,  however,  made  available  by  act  of  Congress  for  the  year 
ending  June  30, 1899,  and  again,  in  a  similar  manner,  the  unexpended 
balance  at  the  latter  date  was  reappropriated  for  the  fiscal  year  end- 
ing June  30,  1900.  The  appropriation  became  practically  exhausted 
in  October,  1899. 

1  By  triangulation  connection  with  Moosrie  Trail  montunent,  the  position  of  this  monument 
is  0/'21  farther  north  than  as  given  by  the  international  boundary  survey,  hence  to  reduce  all 
I>ositions  to  the  international-boundary  survey  system,  latitudes  of  United  States  Geological 
Survey  triangulation  are  decreased  Qf.Zi,  or  its  equivalent,  21  feet,  the  distance  from  initial 
point  on  Bitterroot  Mountains  to  forty-ninth  parallel  being  increased  21  feet. 


64 


SURVEY   OF   IDAHO-MONTANA    BOUNDARY   LINE.        lerLulTP 


Financial  statement  relating  to  appropHation  for  survey  of  boundary  line  between 

Idaho  and  Montana, 


Date. 


1807. 

Jane  30 

July     3 

10 

10 

10 

10 
10 
10 
12 
12 
15 
24 
20 
31 

Auif.     7 

17 
17 
19 
25 

31 

Sept.    4 

4 

8 

11 

28 

30 

Oct.  11 
14 
18 
80 
31 

Nov.  11 
15 

Dec.      4 

8 

20 

1808. 
Jiw.     13 


To  whom  paid. 


Feb. 


Mar. 


17 
10 
12 
12 
15 
15 
31 
8 
14 
May    10 


Apr. 


E.  T.Perkins,  jr.,  topographer 

do 

G.M.Metzler 

Isaac  I.  Lewis 

Lindsay  &  Merriam 

F.O.Berg 

BoUy,  Mason.  Marks  &  Co 

8TX>kane  Dry  Goods  Co , 

MarkE.Dayis 

S.H.Rosh 

E.T.  Perkins,  jr , 

E.C.Marphy 

E.T.  Perkins,  jr 

Pay  roll  of  employees 

C.P.WiUis 

Exchange  National  Bank 

E.T.  Perkins,  jr 

United  States  Express  Co 

Chicago  and  Northwestern  Railway 
Co. 

Pay  roll  of  employees 

E.T.  Perkins,  jr , 

S.H.Rush 

Richard  Smith 

Oregon  Short  Line  B.B 

E.T.  Perkins,  jr 

Pay  roll  of  employees 

H.Banmgarton 

John  O'Connell 

Yoang&Sons 

E.T.  Perkins,  jr 

Pay  roll  of  employees 

Northern  }*aciflc  Railway  Co 

E.T.  Perkins,  jr 

Pay  roll  of  employees 

Schoellhorn- Albrecht  Machine  Co . . . 
E.T.  Perkins,  jr 


For  what  paid. 


AnuMint 


10 


/ 


Northwestern  Storage  and  Trans- 
portation Co. 

...do 

P.Morrison 

H.  L.  Scherjoerhom 

...-do 

W«3tem  Union  Telegraph  Co 

....do 

P.Morrison 

H.  Lonis  Schermerhorn 

P.Morrison 

Northwestern  Storage  and  Trans- 
portation Co. 
P.Morrison 


Seryioes,  Jane  8-30 

Traveling  expenses ' 

Shoeing,  etc 

ToUage  supplies,  etc 

Bubaistenoe  suppiies 

Tentage 

Hardware 

Saddles,  blankets,  and  p«ck  oovera 

Saddlery,  etc --  — 

Saddlery,  etc 

Field  expenses 

One  mule 

Field  exiMuses 

Services,  July,  1807 

One  hone 

Horses  and  males 

Field  expenses 

Freight 

Tranfli>ortation 


Services,  August,  1807 

Field  expenses 

Harness 

Wagon 

Tran8xx>rtation 

Field  expenses 

Services,  September,  1807. 

Stamps 

Transportation 

Transit 

Field  expenses 

Services,  October,  1807 

Transportation 

Field  expenses 

Services,  November,  1807 . 

Iron  monuments 

Field  expenses 


Stoiiage 


do 

Pasturage  . 
Storage  . . . . 

do..... 

Telegrams. 

do 

Pasturage  . 
Storage  — 
Pasturage  . 
Storage  


\ 


VaatMTVhV^Qt 


flOLlD 

AOO 
1&57 
61.04 
19.90 


48.48 

lflO.« 
80.00 

moi 

Ml.« 

1&.00 

143.10 

no-u 

4ft.  57 
UL80 

241.00 

129.(B 

84.S0 

75.00 

saao 

213.80 

20LOO 
25S.40 
UB.M 
280.60 
4.S 
106.44 
198.07 

108.40 

4.  SO 

2.85 

86.50 

4.60 

4.50 

8.81 

.80 

15.00 

4.50 

15l00 

4.  SO 

15.00 


GOODS.] 
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Financial  statement  relating  to  appropriation  for  survey  of  boundary  line  bettceen 

Idaho  and  Montana— Contixmed, 


Date. 


To  whom  paid. 


July 
Aug. 


1896. 

June  8 
11 
13 
3 
11 
11 
11 
17 

Sept.  13 
13 
13 
13 
13 
13 
21 
21 
21 
11 
U 
7 
7 
16 
26 
26 
19 
19 
12 


Oct. 


Nov. 


<  ot. 


Dec. 

^<m. 

-h'.a  17 
Fob.  16 
^ur.    SO 

30 
v-m  ^  30 
au   '   17 

31 
Aug.  8 
Sept.  12 

16 


P.Morrison 

H.  Louis  Schermerhom 

Lindsay  &  Hall 

Pay  roll  of  employees 

Arend&  Kenward 

Holly,  Mason,  Marks  &  Co 

P.Morrison 

D.  L.  Reaburn 

do 

B.U.Goodo 

Gordon  Daugherty 

Pay  roll  of  employees 

Giles  &  Peat 

D.L.  Reaburn 

Oregon  Railroad  and  Navigation  Co 

F.B.CoUow 

Northern  Pacific  Railway  Co 

Pay  roll  of  employees , 

W.  E.  R.  Brewster 

Pay  roll  of  employees 

D.L.  Reaburn , 

do 

..-.do 

Northern  Pacific  Railway  Co 

Southern  Pacific  Co 

..-.do 

S.W.Johnson 


Great  Northern  Railway  Co.. 

United  States  Express  Co 

Western  Union  Telegraph  Co 

do 

Pay  roll  of  employees 

D.L.  Reaburn 

Pay  roll  of  emx)loyees 

E.  J.  Brooks  i&  Co 

D.L.  Reaburn 

do 


Total 

Amount  appropriated . 

Balance 


For  what  paid. 


Pasturage 

Storage 

Subsistence  supplies 

Services,  July,  1898 

Subsistence  suppli^ 

Hardware 

Pasturage 

Field  expenses 

do 

do 

Subsistence  supplies 

Services,  August,  1898 

Stone  monuments 

Field  expense£ 

Transportation 

Subsistence  supplies 

Transportation 

Services,  September.  1898 

Subsistence  supplies 

Services,  October,  1898  .. 

Field  expenses 

do 

do 

Transportation 

do 

do 

Pasturage 


Transportation 

Expressage 

Teleg^rams 

.....do 

Services,  June,  1899  . . . 

Field  expenses 

Services,  July,  1899  . . . 
Steel  dies  and  letters 

Field  expenses 

.....do 


Amount. 


115.00 

4.50 

60.46 

414.67 

86.00 

10.90 

15.00 

50.06 

86.30 

23.15 

40.41 

473.06 

58.00 

43.77 

16.66 

77.54 

32.10 

465.00 

79.80 

496.00 

180.68 

161.12 

187.17 

0.90 

88.00 

17.05 

18.65 

16.15 

10.65 

.00 

.48 

316.67 

213.75 

852.10 

2.12 

152.96 

21.40 


7,640.50 
7,660.00 


.50 


Bull.  170- 


t\ 


•l 


f . 


INDEX 


Page. 
Astronomic  piers  at  Spokane,  Wash.,  plate 

showing '22 

Azimuth,  observations  for 2&-29 

Base  line,  measuremeni  of 25 

Bitterroot  Mountains,  character  of 18 

plate  showing  monument  at  summit  of       54 

plates  showing  views  of  summit  of 16, 60  | 

Blacktail,Idaho,triangulation  station  at...  32-33  > 
Blacktop,  Idaho,  triangulation  station  at. . .       37  I 

Blue, Idaho,  triangulation  station  at ;.       35  . 

Border,  Canada,  triangulation  station  at 38-39 

Boundary  line,  map  of 66 

Boundary  lines,  classes  of 16-17 

Boundary-  lines  in  the  Northwest 15-18 

Buckhom,  Idaho,  triangulation  station  at. .       37 

Cabinet  Range,  plates  showing  views  of 18, 20 

Campbell,  A.,  extract  from  report  of 68-69 

work  of 58 

Carlton,  Wash.,  triangulation  station  at 32 

Chiloo,  Idaho,  triangulation  station  at 33 

Clark  Fork,  plate  showing  view  of 56 

Cross,  Mont.,  triangulation  station  at 38 

Divide,  Idaho,  azimuth  determinations  at . .       26 

triangrulation  station  at 34, 40 

Doust,  Idaho,  triangulation  station  at 35-36 

Ewing,  Mont.,  triangulation  station  at 38 

Financial  statement 63-65 

Gannett, S.S.,  work  of 19,21,26 

Hawkins,  J.  S.,  work  of 58 

Hell  Roaring,  Idaho,  triangulation  station 

at.. 36 

Idaho,  boundaries  of 16 

description  of  post  at  comer  of  Montana 

and 17 

International  boundary,  surveys  of 58-63 

Latitude,  obser^*atlons  for 21-22 

Leonia,  Idaho,  plate  showing  view  of  monu- 
ment near 54 

Little  Baldy,  Wash. ,  triangulation  station  at       81 
Longitude,  obser\'ations  for 23-24 


Page 

Montana,  boundaries  of 16 

description  of  post  at  comer  of  Idaho 

and 17 

Monuments,  description  of 47-48 

location  of 49-66 

plates  showing  . . ., 46,54 

table  showing  number  and  kind,  dis- 
tance, elevations,  etc 56-67 

Mooyie  Trail  Monument,  triangrulation  sta- 
tion at 84-35 

Moran,  Wash.,  triangulation  station  at 30-81 

Newton,  Mont. ,  triangulation  station  at 87 

Parke,  J.  G.,  work  of 68 

Perkins,  E.T.,  Jr.,  work  of 18,19 

Prevost,  — ,  work  of 68 

Reabum,D.L.,workof 19,20,21,28 

Richards,  A.  v.,  work  of 17 

Richards,  — ,  work  of 68 

Round  Top,  Idaho,  triangrulation  station  at.       84 
Scotchman,   Idaho,    triangulation  station 

at 83-34,86 

Scotchman  Peak,  plate  showing  view  near 

summit  of 20 

Skalan.  Idaho,  triangulation  station  at 82 

Spokane,  Wash.,  measurement  of  base  line 

at  26 

obser\'ations  for  latitude  at 22 

plate  showing  astronomic  piers  at 22 

triangulation  stations  at 29-80 

Stadia  and  transit  work 40-47 

Stadia  rod,  design  for 41 

Stadia  work,  remarks  on 47 

Tomklnson,  Wash.,  triangulation  station  at       81 

Transit  and  stadia  work 40-47 

Transit  station,  plate  showing  view  of 40 

Transit  station  154,  triangulation  at 89 

Transit  station  949,  triangulation  at. 89 

Triangulation,  diagram  of 80 

work  in 29-40 

Walcott,  C.  D.,  letter  of  instructions  by  —  U-15 
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of  the  United  States,  the  several  States,  and  the  Territories,  as  defined 

by  treaty,  charter,  or  statute.     Besides  .giving  the  present  status  of 

these  boundaries  I  have  endeavored  to  present  an  outline  of  the  history 

of  all  important  changes  of  territory,  with  the  laws  appertaining  thereto. 

The  work  constitutes  a  revised  and  enlarged  edition  of  Bulletin  No. 

13,  published  in  1885. 

Very  respectfully,  Henry  Gannett, 

Oeographer. 
Hon.  C.  D.  Walcott, 

Director  United  States  Geological  Survey. 

9 


I 


It 


BOUNDARIES  OF  THE  UNITED  STATES  AND  OF  THE  SEVERAL  STATES  AND 
TERRITORIES,  WITH  AN  OUTLINE  OF  THE  HISTORY  OF  ALL  IMPORTANT 
CHANGES  OF  TERRITORY. 


By  IIenby  Gannett. 


CflAPTEE    I. 

BOUI^DARIES    OF   THE  UNITED   STATES,   AND  ADDITIONS 

TO  ITS  TERRITORY. 

BOUNDARIES   OP  THE  UNITED  STATES. 

Provisional  Treaty  with  Great  Britain. 

The  original  limits  of  the  United  States  were  first  definitely  laid 
down  in  the  provisional  treaty  made  with  Great  Britain  in  1782.  The 
second  article  of  that  treaty  defines  its  boundaries  as  follows: 

From  the  northwest  angle  of  Nova  Sootia,  yw,  that  angle  which  is  formed  hyaline 
drawn  dae  north  from  the  source  of  St.  Croix  river  to  the  highlands ;  along  the  High- 
lands which  divide  those  rivers  that  empty  themselves  into  the  river  St.  Lawrence, 
from  those  which  fall  into  the  Atlantic  Ocean,  to  the  northwestemmost  head  of  Con- 
neoticnt  River ;  thence  down  along  the  middle  of  that  river  to  the  forty-fifth  degree 
of  north  latitude ;  from  thence,  hy  a  line  dne  west  on  said  latitude  until  it  strikes 
the  river  Iroqnois  or  Cataraqny  (St.  Lawrence) ;  thence  along  the  middle  of  said 
river  into  Lake  Ontario,  through  the  middle  of  said  lake  until  it  strikes  the  commu- 
nication hy  water  between  that  lake  and  Lake  Erie ;  thence  along  the  middle  of  said 
communication  into  Lake  Erie,  through  the  middle  of  said  lake  until  it  arrives  at  the 
water  communication  between  that  lake  and  Lake  Huron ;  thence  along  the  middle 
of  said  water  communication  into  the  Lake  Huron ;  thence  through  the  middle  of 
said  lake  to  the  water  communication  between  that  lake  and  Lake  Superior ;  thence 
through  Lake  Superior  northward  of  the  Isles  Royal  and  Phelippeaux  to  the  Long 
Lake ;  thence  through  the  middle  of  said  Long  Lake,  and  the  water  communication 
between  it  and  the  Lake  of  the  Woods,  to  the  said  Lake  of  the  Woods ;  thence  through 
the  said  lake  to  the  most  northwestern  point  thereof,  and  from  thence  on  a  due  west 
course  to  the  river  Mississippi ;  thence  by  a  line  to  be  drawn  along  the  middle  of 
the  said  river  Mississippi  until  it  shall  inteneot  the  northernmost  part  of  the  thirty-first 
degree  of  north  latitude.  South  by  a  line  to  be  drawn  due  east  from  the  determina- 
tion of  the  line  last  mentioned,  in  the  latitude  of  thirty-one  degrees  north  of  the 
Equator,  to  the  middle  of  the  river  Apalachicola  or  Catahouohe;  thence  along  the 
middle  thereof  to  its  Junction  with  the  Flint  River;  thence  strait  to  the  head  of 
St.  Mary's  River ;  and  thence  down  along  the  middle  of  8t.  Mary's  River  to  the  At- 
lantic Ocean.  East  by  a  line  to  be  drawn  along  the  middle  of  the  river  St.  Croix, 
from  its  month  in  the  Bay  of  Fundy  to  its  source,  and  firom  its  source  directly  north 
to  the  aforeeaid  highlands  which  divide  the  rivers  that  fall  into  the  Atlantic  Ocean 
from  those  which  fall  into  the  river  St.  Lawrence ;  comprohending  all  islands  within 
twenty  leagues  of  any  part  of  the  shores  of  the  United  States,  and  lying  between  lines 
to  be  drawn  due  east  from  the  points  whero  the  aforesaid  boundaries  between  Nova 
Scotia  on  the  one  part  and  East  Florida  on  the  other,  shall  respectively  touch  the  Bay 
of  Fundy  and  the  Atlantio  Ocean ;  excepting  such  islands  as  now  are,  or  heretofore 
have  been  within  the  limits  of  the  said  provinoe  of  Nova  Sootia. 
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Treaty  with  Spain  of  1798. 
The  boundary  between  the  United  States  and  the  Spanish  PoBses- 
sionSy  known  as  the  Floridas,  is  reaffirmed  in  the  treaty  between  the 
United  States  and  Spain,  made  in  1795,  in  the  following  terms: 

The  soutberu  bonudary  of  the  United  States,  which  divides  their  territory  tnm  tbe 
Spanish  colonies  of  East  and  West  Florida,  shall  be  designated  by  a  line  beginning 
on  the  river  MisHissippi,  at  the  northernmost  ]>art  of  the  thirty-first  degree  of  latitode 
north  of  the  equator,  which  from  thence  shall  be  drawn  due  east  to  the  middle  of  tliB 
river  Apalachioola  or  Cataliouche,  thence  along  the  middle  thereof  to  its  janotioo 
with  the  Flint;  thence  straight  to  the  head  of  St.  Mary's  River,  and  thenoedown 
the  middle  thereof  to  the  Atlantic  Ocean. 

Definitivk  Treaty  with  Grkat  Britain. 

The  definitive  treaty  of  imace  with  Great  Britain,  (concluded  Septem- 
ber 3, 1783,  defines  the  bonndaries  of  the  United  States  in  terms  similar 
to  those  of  the  provisional  treaty. 

The  northern  boundary  became  at  once  a  fruitfdl  source  of  dissenai^Hi 
between  the  two  countries.  From  the  time  of  the  conclusion  of  peace 
almost  to  the  present  day  this  line  has  been  the  subject  of  a  series  of 
treaties,  commissions,  and  surveys  for  the  purpose  of  interpreting  its 
terms. 

The  following  is  in  outline  a  history  of  the  settlement  of  this  boundary: 

Treaty  of  London,  1794. 

The  fourth  article  of  the  treaty  of  London,  signed  Kovember  19, 1794, 
provided  that — 

Whereas  it  is  uncertain  whether  the  river  MissiaBippi  extends  ao  &r  to  the  north- 
ward as  to  be  intersected  by  a  line  to  be  drawn  due  west  from  the  Lake  of  tbe  Woods 
in  the  manner  mentioned  in  the  treaty  of  peace  between  His  Mi^eety  and  the  United 
States,  etc.,  the  two  parties  will  proceed  by  amicable  negotiation  to  ragnhite  the 
boundary  line  in  that  quarter. 

This  matter  was  not  settled,  however,  until  1818. 
The  fifth  article  of  the  same  treaty  makes  provision  for  settling^  another 
doubtful  point,  as  follows : 

Whereas  doubts  have  arisen  what  river  was  truly  intended  under  the  name  of  the 
river  St.  Croix  mentioned  in  the  said  treaty  of  peace,  and  forming  a  part  of  the 
boundary  therein  described,  that  question  aha!}  be  referred  to  the  final  deokion  ot 
oommissions  to  be  appointed  in  the  following  manner,  vhs. 

Here  follow  provisions  that  His  Majesty  and  the  President  of  the 
United  States  should  each  appoint  a  commissioner,  and  that  these  two 
commissioners  should  agree  on  a  third,  or,  they  failing  to  agree  on  the 
third,  he  was  to  be  chosen  by  lot  in  their  presence. 

Which  was  the  true  St.  Croix  Eiver  had  been  a  matter  of  controversy 
between  the  governments  of  Massachusetts  and  Kova  Sootia  since  the 
year  1764. 

The  commissioners  api)ointed  under  the  foregoing  provisions  decided, 
on  the  25th  of  October,  1798,  the  river  called  Sclioodiac  and  the  north- 
ern branch  thereof  (called  Ghei)utuaticook)  to  be  the  true  river  St. 
Groix,  and  that  its  source  was  at  the  iiortlieriimost  headspring  of  the 
northern  branch  aforesaid.  A  monument  was  erected  at  that  spot  under 
the  direction  of  the  commissioiiQic^.  V^^^  ^^xqlqyl^  qH  ^^xtib^aatem 
Soandaryj  Gallatin,  pages  7, 8.^ 
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Treaty  op  Ghent. 

By  the  treaty  of  peace  ooncladed  at  Ghent,  December  24, 1814,  it  was 
agreed  to  provide  for  a  final  ac^nstment  of  the  bonndaries  described  in 
the  treaty  of  1783,  which  had  not  yet  been  ascertained  and  determined, 
embracing  certain  islands  in  the  Bay  of  Fandy  and  the  whole  of  the 
boundary  line  from  the  scarce  of  the  river  St  Croix  to  the  most  north- 
western point  of  the  Lake  of  the  Woods. 

By  article  4  provision  was  made  for  a  board  of  commissioners  to  settle 
the  title  to  several  islands  in  the  Bay  of  Passamaqnoddy,  which  is  a  part 
of  the  Bay  of  Fnndy,  and  the  island  of  Grand  Menan  in  the  said  Bay 
of  Pnndy. 

The  fifth  article  made  provision  for  a  board  of  commissioners  to  settle 
the  boondary  from  the  source  of  the  river  St.  Groix  northward  to  the 
highland  which  divides  those  waters  that  empty  themselves  into  the 
river  St.  Lawrence  fix)m  those  which  fall  into  the  Atlantic  Ocean, 
thence  along  said  highlands  to  the  north  westernmost  head  of  Gonnecti- 
cat  Biver,  thence  down  along  the  middle  of  that  river  to  the  forty-fifth 
degree  of  north  latitude,  thence  dae  west  on  said  latitude  until  it  strikes 
the  river  Lx)quois  or  Gataraquy  (St.  Lawrence). 

The  sixth  and  seventh  articles  provided  for  commissioners  to  con- 
tinue the  line  to  the  northwestern  point  of  the  Lake  of  the  Woods. 

(For  further  details  see  treaty.  Statutes  at  Large,  vol.  8,  pages  220^2.) 

It  was  provided  by  this  treaty  that  in  case  any  of  the  boards  of  com- 
missioners were  unable  to  agree,  they  should  make  separately  or  jointly 
a  report  or  reports  to  their  respective  Governments  stating  the  points 
on  which  they  differed,  the  grounds  on  which  they  based  their  respective 
opinions,  etc 

These  reports  were  to  be  referred  to  some  friendly  sovereign  or  state 
for  arbitration. 

The  first  and  third  boards  of  commissioners  above  mentioned  came  to 
an  agreement,  and  those  portions  of  the  boundary  were  thus  finally  set- 
tled ;  but  the  commission  appointed  under  the  fifth  article,  after  sitting 
nearly  five  years,  could  not  agree  on  any  of  the  matters  referred  to  them, 
nor  even  on  a  general  map  of  the  country  exhibiting  the  boundaries 
respectively  claimed  by  each  party.  They  accordingly  made  separate 
reports  to  their  Governments,  stating  the  points  on  which  they  differed 
and  the  grounds  upon  which  their  respective  opinions  had  been  formed. 

The  first  of  these  commissions  awarded  Moore,  Dudley,  and  Freder- 
ick Islands  to  the  United  States,  and  all  other  islands  in  Passamaqnoddy 
Bay,  and  the  island  of  Grand  Menan,  to  Great  Britain. 

The  following  is  the  text  of  the  report  of  the  third  of  these  commis- 
sions which  had  under  consideration  that  portion  of  the  northern 
boundary  between  the  point  where  the  forty-fifth  parallel  of  north  lati- 
tude strikes  the  St.  Lawrence  and  the  point  where  the  boundary  reaches 
Lake  Superior : 
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Decision  of  the  oommiasionen  under  the  sixth  article  of  the  treaty  of  Qhent,  done  at 

Utica,  in  the  State  of  New  York,  18th  June,  182S. 

We  do  decide  and  declare  that  the  following-deecribed  line  (which  is  more  deaily  in- 
dicated on  a  series  of  maps  accompanying  this  report,  exhibiting  correct  sorreys  and 
delineations  of  all  the  riveis,  lakes,  water  commnnications,  and  islands  embraced  by 
the  sixth  article  of  the  treaty  of  Ghent,  by  a  black  line  shaded  on  the  British  aide 
with  red  and  on  the  American  side  with  bine ;  and  each  sheet  of  which  seiriea  of 
maps  is  identified  by  a  certificate,  subscribed  by  the  commissioners,  and  by  the  two 
principal  surveyors  employed  by  them)  is  the  true  boundary  intended  by  the  two  be- 
forementioned  treaties,  that  is  to  say : 

Beginning  at  a  stone  monument,  erected  by  Andrew  Ellicot,  esq.,  in  the  year  1817, 
on  the  south  baok  or  shore  of  the  said  river  Iroquois,  or  Cataraqoi  (now  called  the 
St.  Lawrence),  which  monument  bears  south  74^  45'  west,  and  is  1,840  yards  dis- 
tant Item  the  stone  church  in  the  Indian  village  of  8t.  Regis,  and  indicates  the  point 
at  which  the  forty-fiffch  parallel  of  north  latitude  strikes  the  said  river;  thence  rui- 
ning north  36<^  45'  west  into  the  river,  on  a  line  at  right  angles  wilji  the  soath- 
em  shore,  to  a  point  100  yards  south  of  the  opposite  island,  called  Cornwall  Island; 
thence  turning  westerly  and  passing  around  the  southern  and  western  sides  of  said 
island,  keeping  100  yards  distant  therefrom,  and  following  the  curvatures  of  its 
shores,  to  a  point  opposite  to  the  northwest  comer  or  angle  of  said  island ;  thence 
to  and  along  the  middle  of  the  main  river  until  it  approaches  the  eastern  extremity 
of  Bamhart's  Island ;  thence  northerly  along  the  channel  which  divides  the  last- 
mentioned  island  from  the  Canada  shore,  keeping  100  yards  distant  from  the  island, 
until  it  approaches  Sheik's  Island ;  thence  along  the  middle  of  the  strait  which  divides 
Bamhart's  and  Sheik's  Islands  to  the  channel  called  the  Long  Sault,  which  separatee 
the  two  last-mentioned  islands  from  the  lower  Long  Sault  Island ;  thence  westerly 
(crossing  the  center  of  the  last-mentioned  channel)  until  it  approaches  within  100 
yards  of  the  north  shore  of  the  Lower  Sault  Island  ;  thence  up  the  north  branch  of  the 
river,  keeping  to  the  north  of  and  near  the  Lower  Sault  Island,  and  also  north  of 
and  near  the  Upper  Sault,  sometimes  called  Baxter's  Island,  and  south  of  the  two 
small  islands  marked  on  the  map  A  and  B,  to  the  western  extremity  of  the  Upper 
Sault  or  Baxter's  Island ;  thence,  passing  between  the  two  islands  called  the  Cats^ 
to  the  middle  of  the  river  above ;  thence  along  the  middle  of  the  river,  keeping  to 
the  north  of  the  small  islands  marked  C  and  D,  and  north  also  of  Chrystler's  Island, 
and  of  the  small  island  next  above  it,  marked  £,  until  it  approaches  the  north- 
east angle  of  Qoose  Neck  Island ;  thence  along  the  passage  which  divides  the  last- 
mentioned  island  fro  mthe  Canada  shore,  keeping  100  yards  from  the  island  to  the 
upper  end  of  the  same;  thence  south  of  and  near  the  two  small  islands  called  the  Nat 
Islands ;  thence  north  of  and  near  the  island  marked  F,  and  also  of  the  island  called 
Dry  or  Smuggler's  Island ;  thence  passing  between  the  islands  marked  G  and  H  to  the 
north  of  the  island  called  Isle  an  Rapid  Piatt ;  thence  along  the  north  side  of  the  last- 
mentioned  island,  keeping  100  yards  from  the  shore,  to  the  upper  end  thereof;  thence 
along  the  middle  of  the  river,  keeping  to  the  south  of  and  near  the  islands  called 
Coussin  (or  Tussin)  and  Presque  Isle ;  thence  up  the  river,  keeping  north  of  and  near 
the  several  Gallop  Isles  numbered  on  the  map  I,  2,  3,  4,  5,  6, 7,  8,  9,  and  10,  and  also 
of  Tick,  Tibbits,  and  Chimney  Islands ,  and  south  of  and  near  the  GaUop  Isles  num- 
bered 11,  12,  and  13,  and  also  of  Duck,  Dmmmond,  and  Sheep  Islands ;  thence  along 
the  middle  of  the  river,  passing  north  of  island  No.  14,  south  of  15  and  16,  north  of  17, 
south  of  18, 19,  20,  21,  22,  23,  24,  25,  and  28,  and  north  of  26  and  27 ;  thence  along  the 
middle  of  the  river,  north  of  Gull  Island  and  of  the  islands  Nos.  29, 32, 33,  34, 35,  Bluff 
Island,  and  Nos.  39,  44,  and  45,  and  to  the  south  of  Nos.  30,  31,  36,  Grenadier  Island, 
and  Nos.  37,  38,  40, 41,  42, 43,  46,  47,  and  48,  until  it  approaches  the  east  end  of  Well's 
Island ;  thence  to  the  north  of  Well's  Island,  and  along  the  strait  which  divides  it 
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^m  Bowels  Island^  keeping  to  the  north  of  the  small  isUnds  Noe.  61, 58, 64, 68, 60,  and 
n,  and  to  the  sonth  of  the  small  islands  nnmhered  and  marked  49,  60,  63,  65,  57,  00, 
ind  H,  nntll  it  approaches  the  northeast  point  of  Grindstone  Island ;  thence  to  the 
lorth  of  Grindstone  Island,  and  keeping  to  the  north  also  of  the  small  islands  Nos. 
B,  65, 67, 68, 70, 72, 73, 74, 75, 76. 77,  and  78,  and  to  the  sonth  of  Nos.  62, 64, 66, 69,  and  71, 
intil  it  approaches  the  soathem  point  of  Hickory  Island ;  thence  passing  to  the  sonth 
>f  Hickory  Island  and  of  the  two  small  islands  lying  near  its  southern  extremity,  nnm- 
hered 79  and  80 ;  thence  to  the  sonth  of  Grand  or  Long  Island,  keeping  near  its  sonthem 
ihore,  and  passing  to  the  north  of  Carlton  Island,  nntil  it  arrives  opposite  to  the 
mathwestem  point  of  said  Grand  Island,  in  Lake  Ontario;  thence,  passing  to  the 
lorth  of  Grenadier,  Fox,  Stony,  and  the  Gallop  Islands,  in  Lake  Ontario,  and  to  the 
math  of  and  near  the  islands  called  the  Docks,  to  the  middle  of  the  said  lake;  thence 
iresterly  along  the  middle  of  said  lake  to  a  point  opposite  the  month  of  the  Niagara 
BiTer ;  thence  to  and  up  the  middle  of  the  said  river  to  the  Great  Falls ;  thence  up 
•he  Falls  through  the  point  of  the  Horse  Shoe,  keeping  to  the  west  of  Iris  or  Goat 
Uand,  and  of  the  group  of  small  islands  at  its  head,  and  following  the  bends  of  the 
riTor  so  as  to  enter  the  strait  between  Navy  and  Grand  Islands ;  thence  along  the 
aiddle  of  said  strait  to  the  head  of  Navy  Island  ;  thence  to  the  west  and  sonth  of  and 
near  to  Grand  and  Beaver  Islands,  and  to  the  west  of  Strawberry,  Squaw,  and  Bird 
Islands  to  Lake  Erie;  thence  southerly  and  westerly  along  the  middle  of  Lake  Erie  in 
a  direction  to  enter  the  passage  immediately  sonth  of  Middle  Island,  being  one  of  the 
saatenimost  of  the  group  of  islands  lying  in  the  western  part  of  said  lake ;  thence 
■long  the  said  passage,  proceeding  to  the  north  of  Cunningham's  Island,  of  the  three 
Bass  Islands,  and  of  the  Western  Sister,  and  to  the  south  of  the  islands  called  the 
Hen  and  Chickens,  and  of  the  Eastern  and  Middle  Sisters;  thence  to  the  middle  of 
Ihe  mouth  of  the  Detroit  River  in  a  direction  to  enter  the  channel  which  divides 
Bois  Blanc  and  Sugar  Islands ;  thence  up  the  said  channel  to  the  west  of  Bois  Blanc 
Island,  and  to  the  east  of  Sugar,  Fox,  and  Stony  Islands,  until  it  approaches  Fighting 
or  Great  Turkey  Island ;  thence  along  the  western  side  and  near  the  shore  of  said 
last-mentioned  island  to  the  middle  of  the  river  above  the  same ;  thence  along  the 
middle  of  said  river,  keeping  to  the  southeast  of  and  near  Hog  Island,  and  to  the 
northwest  of  and  near  the  island  Isle  k  la  Ptehe,  to  Lake  Saint  Clair ;  thence  through 
the  middle  of  said  lake  in  a  direction  to  enter  that  mouth  or  channel  of  the  river  St. 
Clair,  which  is  usually  denominated  the  Old  Ship  Channel;  thence  along  the  middle 
of  said  channel,  between  Squirrel  island  on  the  southeast  and  Herson's  Island  on  the 
northwest,  to  the  upper  end  of  the  last-mentioned  island,  which  is  nearly  opposite 
to  Point  an  Chtoes,  on  the  American  shore;  thence  along  the  middle  of  the  river 
Saint  Clair,  keeping  to  the  west  of  and  near  the  islands  called  Belle  Riviere  Isle 
and  the  Isle  aux  Cerft,  to  Lake  Huron ;  tbenoe  through  the  middle  of  Lake  Huron  in 
a  direction  to  enter  the  strait  or  passage  between  Dmmmond's  Island  on  the  west 
and  the  Little  Maniton  Island  on  the  east ;  thence  through  the  middle  of  the  pas- 
sage which  divides  the  two  last-mentioned  islands ;  thenoe,  turning  northerly  and 
westerly,  around  the  eastern  and  northern  shores  of  Dmmmond's  Island,  and  proceed- 
ing in  a  direction  to  enter  the  passage  between  the  island  of  Saint  Joseph's  and  the 
American  shore,  passing  to  the  north  of  the  intermediate  islands  Nos.  61, 11,  10,  12, 
9,  6,  4,  and  2,  and  to  the  south  of  those  numbered  15,  13,  5,  and  1 ;  thence  up  the 
said  last-mentioned  passage,  keeping  near  to  the  island  Saint  Joseph's,  and  passing 
to  the  north  and  east  of  Isle  k  la  Crosse  and  of  the  small  islands  numbered  16, 17, 18, 
19,  and  20,  and  to  the  south  and  west  of  those  numbered  21,  22,  and  23,  until  it 
strikes  a  line  (drawn  on  the  map  with  black  ink  and  shaded  on  one  side  of  the  point 
of  intersection  with  blue  and  on  the  other  with  red)  passing  across  the  river  at  the 
head  of  Saint  Joseph's  Island  and  at  the  foot  of  the  Neebish  Rapids,  which  line 
denotes  the  termination  of  the  boundary  directed  to  be  run  by  the  sixth  article  of 
the  treaty  of  Ghent. 

And  the  said  commissioners  do  fturther  decide  and  declare  that  all  the  islands  lying 
in  the  rivers,  lakes,  and  water  communications  between  thc^\)Q^o\%-^«&cT)^M^^\^^'Qsv^- 
»Ty  )'we  antl  the  adjacent  Hhorea  of  Upper  Canada  do,  axid  Q8yc^\i  ol^Saieai  ^Q«»^\i^^'^% 
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to  Hit  Britannic  Majesty,  and  that  all  the  islands  lying  in  the  riyers,  Iftkeo*  and 
oommanioations  between  the  said  boundary  line  and  the  aoijacent  shores  of  the  United 
States  or  their  territories  do,  and  each  of  them  does,  belong  to  the  United  States  of 
America,  in  conformity  with  the  true  intent  of  the  second  article  of  the  said  treaty  of 
1783,  and  of  the  sixth  article  of  the  treaty  of  Ghent. 

In  accordance  with  the  teems  of  this  treaty,  a  sorvey  was  made  of  the 
St.  Lawrence  and  the  Great  Lakes,  and  a  map  prepared.  This  was 
photolithographed  and  published,  in  29  sheets,  by  the  United  States 
Light-Honse  Board,  in  1891. 

By  the  second  article  of  the  convention  with  Great  Britain-^lSlft— 
the  boundary  line  was  extended  westward  along  the  fbrty-ninth  par- 
allel of  latitude  to  the  <^ Stony''  (Rocky)  Mountains,  while  beyond  these 
mountains  the  treaty  provided  that  the  country  should  remain  open  to 
both  parties.    The  terms  of  the  treaty  are  as  follows: 

AsncLB  2.  It  is  agreed  that  a  line  drawn  ttom  the  most  northwestern  point  of  tlis 
Lake  of  the  Woods  along  the  forty-ninth  parallel  of  north  latitude,  or  if  the  said 
point  shall  not  he  in  the  forty-ninth  parallel  of  north  latitude,  then  that  a  line  drawn 
firom  the  said  point  dne  nortii  or  south,  as  the  case  may  be,  until  the  said  line  ahall 
inteneot  the  said  parallel  of  north  latitude,  and  ttom  the  point  of  such  inteneotion 
due  west  along  and  with  the  said  parallel,  shall  be  the  line  of  demarkatiosi  between 
the  territories  of  the  United  States  and  those  of  ^is  Britannic  Mijesty,  and  thai  the 
said  line  shall  form  the  northern  boundary  of  the  said  territories  of  the  United  States 
and  the  southern  boundary  of  the  territories  of  His  Britannic  Mijesty  firom  the  Lake 
of  the  Woods  to  the  Stony  Monntains. 

AsnoLB  3.  It  is  agreed  that  any  country  that  may  be  claimed  by  either  party  oo 
the  northwest  coast  of  America,  westward  of  the  Stony  Mountains,  shall,  together 
with  its  harbours,  bays,  and  creeks,  and  the  navigation  of  all  riyers  within  the  same, 
be  free  and  open,  for  the  term  of  ten  years  from  the  date  of  the  signature  of  the  pres- 
ent OQUTention,  to  the  vessels,  citizens,  and  subjects  of  the  two  powers ;  it  being  well 
understood  that  this  agreement  is  not  to  be  construed  to  the  prejudice  of  any  claim 
which  either  of  the  two  high  contracting  parties  may  have  to  any  part  of  the  said 
cenntry,  nor  shall  it  be  taken  to  affect  the  claims  of  any  other  power  or  state  to  any 
part  of  the  said  country ;  the  only  object  of  the  high  contracting  parties  in  that  re- 
spect being  to  prevent  disputes  and  differences  amongst  themselves. 

In  1824  negotiations  were  resumed  between  the  two  countries  for  the 
settlement,  among  other  things,  of  the  boundary  west  of  the  Bocky 
Mountains,  but  no  conclusion  was  reached ;  the  claim  of  the  English 
Oovernment  being  that  the  boundary  line  should  follow  the  forty -ninth 
parallel  westward  to  the  point  where  this  parallel  strikes  the  great 
northwestern  branch  of  Columbia  Biver,  thence  down  the  middle  of  that 
river  to  the  Pacific  Ocean. 

In  1826  negotiations  were  resumed,  and  several  compromises  were 
proposed  by  both  parties,  but  without  satisfactory  results.  After  this 
the  whole  matter  remained  in  abeyance  until  the  special  mission  of  Lord 
Ashburton  to  this  country  in  1842. 

Meanwhile  the  unsettled  questions  regarding  the  northeastern  bound- 
ary again  came  up. 

The  case  having  reached  that  stage  at  which  it  became  necessary  to 

refer  the  points  of  difference  to  a  friendly  sovereign  or  state,  the  two 

powers  found  it  expedient  to  regulate  the  proceedings  and  make  pio- 

visiona  in  relation  to  such  ref ereno^  ttn^  oi^  >^<^  ^^^  ^^XmolVms^  1^27^ 

DBDciaded  a  oonvention  to  that  eiSeet. 
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emiDOst  branch,  which  aonroe  we  indicate  on  the  Map  A  by  the  letter  X,  aotheoti- 
oated  by  the  signature  of  onr  miniBter  of  foreign  aflfairs ;  thence  in  a  line  drawn  doe 
west  to  the  point  where  it  unites  with  the  line  claimed  by  the  United  Btatee  of 
America  and  delineated  on  the  Map  A;  thence  said  line  to  the  point  at  which, 
according  to  said  map,  it  coincides  with  that  claimed  by  Great  Britain,  and  theoce 
the  line  traced  on  the  map  by  the  two  powers  to  the  north weetemmost  aoaroe  of 

Connecticut  River. 

•  •  •  •  *  • 

We  are  of  the  opinion  that  the  stream  situated  farthest  to  the  north weat,  among 
these  which  fall  into  the  northeiiimost  of  the  three  lakes,  the  last  of  which  liesn 
the  name  of  Connecticut  Lake,  must  be  considered  as  the  northwestemmoet  head  of 

Connecticut  River. 

•  •••••  • 

We  are  of  the  opinion  that  it  will  be  suitable  (tZ  otmviendra)  to  prooeed  to  f^eah 
operations  to  measure  the  observed  latitude  in  order  to  mark  out  the  boondmry  Ihm 
river  Connecticut  along  the  parallel  of  the  forty-fifth  degree  of  north  latitndo  to  tbe 
river  Saint  Lawrence,  named  in  the  treaties  Iroquois  or  Cataraquy,  in  such  a  manner, 
however,  that,  in  all  cases,  at  the  place  called  Rouse's  Point  the  territory  of  the  Uni- 
te<l  States  of  America  Khali  extend  to  the  fort  erected  at  that  place,  and  shall  include 
said  fort  and  its  kilometrical  radius  {raifcn  kiUmetrique), 

nowever  disposed  the  Goverument  of  the  United  States  might  have 
been  to  acquiesce  in  the  decision  of  the  arbiter,  it  had  not  the  power 
to  change  the  boundaries  of  a  State  without  the  consent  of  the  State. 
Against  that  alteration  the  State  of  Maine  entered  a  solemn  protest  by 
the  resolutions  of  19th  January,  1832.  And  the  Senate  of  the  United 
States  did  accordingly  refuse  to  give  its  assent  to  the  award. 

Tbe  arbitration  of  the  King  of  the  Netherlands  having  failed,  firait- 
less  negotiations  ensued,  for  a  period  of  eleven  years.  UnsuoceBsfol  at- 
tempts were  made  to  conclude  an  agreement  preparatory  to  another 
arbitration.  The  subject  became  a  matter  of  great  irritationi  collisioDS 
occurred  in  the  contested  territory,  and  for  a  time  it  seemed  oertaii] 
that  tbe  controversy  would  result  in  war  between  the  two  powers.  In 
1842,  however,  Great  Britain  gave  unequivocal  proof  of  her  desire  for 
the  preservation  of  i>eace,  and  an  amicable  arrangement  of  the  matter 
at  issue,  by  the  special  mission  of  Lord  Ashburton  to  the  United 
States.  The  subject  of  this  mission  was  the  settlement,  not  only  of  the 
northeastern  boundary,  but  the  northern  boundary  west  of  the  Bockj 
Mountains.  Regarding  this  object  of  his  mission,  Lord  Ashbnrton'b 
instmctions  gave  as  the  ultimatum  of  the  English  Gtovemment  the 
boundary  as  above  claimed  (p.  16),  and,  naturally,  bis  mission  had  no 
result,  as  far  as  tins  portion  of  tbe  boundary  was  concerned. 

An  agreement  was  reached,  however,  in  regard  to  the  northeastern 
boundary,  wbicb,  the  consent  of  tbe  State  of  Maine  having  been  ob- 
tained, was  embodied  in  the  treaty  concluded  August  9, 1842. 

Treaty  with  Great  Britain,  1842. 

The  following  is  tbe  text  of  the  portion  of  this  trciity  relating  to  the 
boundary: 

Article  I.  It  is  hereby  agreed  and  declared  that  the  lino  of  boundary  shall  he  as 
'lUowB :  Beginning  at  the  monument  at  lYie  ^owtqc:)  ol  Wi^  xV^^  ;:^4«  Qtn&x^  ga  desig- 
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nated  aud  agreed  to  by  the  oommiflBionen  under  the  fifth  artiole  of  the  treaty  of  1704, 
between  the  QoTemments  of  the  United  States  and  Great  Britain;  thenoe  north,  fol- 
lowing the  exploring  line  ran  and  marked  by  the  snryeyors  of  the  two  Governments 
in  the  years  1617  and  1818,  under  the  fifth  article  of  the  treaty  of  Ghent,  to  its  inter- 
section with  the  river  St.  John,  and  to  the  middle  of  the  channel  thereof;  thenoe 
np  the  middle  of  the  jnain  channel  of  the  said  river  St.  John,  to  the  montb  of  the 
river  Saint  Francis;  thence  np  the  middle  of  the  chanDcl  of  the  said  river  St. 
Francis,  and  of  the  lakes  through  which  it  flows,  to  the  outlet  of  the  Lake  Pohenaga- 
niook ;  thence  southwesterly,  in  a  straight  line,  to  a  point  on  the  northwest  branch 
of  the  river  St.  John,  which  point  shall  be  ten  miles  distant  from  the  main  branch 
of  the  St.  John,  in  a  straight  line,  and  in  the  nearest  direction,  bat  if  the  said  poinv 
shall  be  found  to  be  less  than  seven  miles  fhun  the  nearest  point  of  the  summit  or 
crest  of  the  highlands  that  divide  those  rivers  which  empty  themselves  into  the  river 
St.  Lawrence  from  those  which  fall  into  the  river  St.  John,  there  the  said  point 
shaU  be  made  to  recede  down  the  said  northwest  branch  of  the  river  St.  John,  to  a 
point  seven  miles  in  a  straight  line  from  the  said  summit  or  crest ;  thence  in  a  straight 
line,  in  a  course  about  sonth,  eight  degrees  west,  to  the  point  where  the  parallel  of 
latitude  460  25'  north  intersects  the  sonthwest  branch  of  the  St.  John's ;  thenoe 
southerly,  by  the  said  branch,  to  the  source  thereof  in  the  highlands  at  the  Metjar- 
mette  portage ;  thence  down  along  the  said  highlands  which  divide  the  waters  which 
empty  themselves  into  the  river  Saint  Lawrence  from  those  which  fall  into  the  Atlantio 
Ocean,  to  the  head  of  Hall's  stream ;  thence  down  the  middle  of  said  stream  till  the 
line  thus  run  intersects  the  old  line  of  boundary  surveyed  and  marked  by  Valentine 
and  Collins,  previously  to  the  year  1774,  as  the  45th  degree  of  north  latitude,  and 
which  has  been  known  and  understood  to  be  the  line  of  actual  division  between  the 
States  of  New  York  and  Vermont  on  one  side,  and  the  British  province  of  Canada  on 
the  other ;  and  from  said  point  of  intersection,  west,  along  the  said  dividing  line,  as 
heretofore  known  and  understood,  to  the  Lroquois  or  St.  Lawrence  River. 

Article  II.  It  is  moreover  agreed  that,  from  the  place  where  the  Joint  commis- 
sioners terminated  their  labors  under  the  sixth  article  of  the  treaty  of  Ghent,  to-wit, 
at  a  point  in  the  Neebish  channel,  near  Muddy  Lake,  the  line  shall  run  into  and  along 
the  ship  channel,  between  St.  Joseph  and  Saint  Tammany  islands,  to  the  division 
of  the  channel  at  or  near  the  head  of  St.  Joseph's  Island ;  tiienoe  turning  eastwaidly 
and  northwardly  around  the  lower  end  of  St.  George's  or  Sugar  Island,  and  foUow- 
ng  the  middle  of  the  channel  which  divides  St.  George's  from  St.  Joseph's  Island; 
thence  up  the  east  Neebish  Channel,  nearest  to  St.  George's  Island,  through  the  mid- 
dle of  Lake  George;  thence  west  of  Jonas'  Island,  into  St.  Mary's  River,  to  a  point 
in  the  middle  of  that  river,  about  one  mile  above  St.  George's  or  Sugar  Island,  so 
as  to  appropriate  and  assign  the  jsaid  island  to  the  United  States ;  thence,  adopt- 
ing the  line  traced  on  the  maps  by  the  commissioners,  through  the  river  St.  Mary  and 
Lake  Superior,  to  a  point  north  of  lie  Royale,  in  said  lake,  one  hundred  yards  to  the 
north  and  east  of  lie  Chapean,  which  last  mentioned  island  lies  near  the  northeastern 
point  of  De  Royale,  where  the  line  marked  by  the  commissioners  terminates;  and 
from  the  last-mentioned  point,  southwesterly,  through  the  middle  of  the  sound  be- 
tween He  Royale  and  the  northwestern  mainland,  to  the  mouth  of  Pigeon  River,  and 
up  the  said  river,  to  and  through  the  north  and  south  Fowl  Lakes,  to  the  lakes  of  the 
height  of  land  between  Lake  Superior  and  the  Lake  of  the  Woods;  thence  along  the 
water  oonminnioation  to  Lake  Saisaginaga,  and  through  that  lake ;  thence  to  and 
through  Cypress  Lake,  Lac  du  Bois  Blanc-  Lac  la  Croix,  Little  Vermillion  Lake,  and 
Lake  Namecan,  and  through  the  several  smaller  lakes,  straits,  or  streams,  oonneoting 
the  lakes  here  mentioned,  to  that  point  in  Lac  la  Plnie,or  Rainy  Lake,at  the  Chaudiire 
Falls,  from  which  the  commissioners  traced  the  line  to  the  most  northwestern  point 
of  the  Lake  of  the  Woods ;  thence,  along  the  said  line,  to  the  said  most  northwestern 
point,  being  in  latitude  43P  23'  55''  north,  and  in  longitude  960  14'  88"  west  from  the 
observatory  at  Gieenwioh;  thence,  according  to  existing  treaties,  dns  sonth  to  lt%V^ 
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tomotlon  with  the  forty-ninth  parallel  of  north  latitude,  and  along  that  paraDal  to 
the  Bocky  Mountains.  It  being  understood  that  all  the  water  communicationa  and  all 
the  usual  portages  along  the  line  ftom  Lake  Superior  to  the  Lake  of  the  Woods,  and 
also  Grand  Portage,  from  the  shore  of  Lake  Superior  to  the  Pigeon  River,  as  nov 
actually  used,  shall  be  free  and  open  to  the  use  of  the  citiaens  and  sabjecta  of  both 
eountries. 

Articub  Vn.  It  is  farther  agreed  that  the  channels  in  the  river  St.  Lawrenoe,  on 
both  sides  of  the  Long  Sault  islands,  and  of  Bamhart  Island ;  the  ohannels  in  the  river 
Detroit,  on  both  sides  of  the  island  Bois  Blanc,  and  between  that  island  and  both  the 
American  and  Canadian  shores,  and  all  the- several  ohannels  and  passai^ss  between 
the  various  islands  lying  near  the  Junction  of  the  river  St.  Clair  with  the  lake  of  that 
name,  shall  be  equally  free  and  open  to  the  ships,  vessels,  and  boats  of  both  partifa 

Between  1843  and  1846  there  was  considerable  negotiation  regard- 
ing the  boundary  west  of  the  Bocky  Moantains,  resulting  finally  in  tbe 
Webster- Ashburtou  treaty,  which  defined  the  boundary  as  &t  west  as 
the  straits  of  Juan  de  Fuca.  The  foUowing  is  that  portion  of  the  treaty 
which  defines  the  boundary. 

WKB8TKR-A81IBUKTON  TkEATY   WITH   GKBAT  BRITAIN,  1S46. 

AsncLB  I.  From  the  point  on  the  forty-ninth  parallel  of  north  latitude,  wheia  tin 
boundary  laid  down  in  existing  treaties  and  conventions  between  the  United  States 
and  Great  Britain  terminates,  the  line  of  boundary  between  the  territoriea  of  thi 
United  States  and  those  of  Her  Britannio  Migesty  shall  be  continued  westward  along 
the  said  forty-ninth  parallel  of  north  latitude  to  the  middle  of  the  channel  whidi 
separates  the  continent  from  Vancouver's  Island,  and  thence  southerly  through  the 
middle  of  the  said  channel,  and  of  Faoa's  Straits  to  the  Pacific  Ocean :  rmiidaf, 
however,  That  the  navigation  of  the  whole  of  the  said  channel  and  straits  south  ol 
the  forty-ninth  parallel  of  north  latitude  remain  free  and  open  to  bolh  partiea. 

AsnouB  II.  From  the  point  at  which  the  forty-ninth  parallel  of  north  latitude 
shaU  be  found  to  intersect  the  great  northern  branch  of  the  Columbia  River,  the  nmr- 
igation  of  the  said  branch  shall  be  free  and  open  to  the  Hudson's  Bay  Company,  and  to 
aU  British  subjects  trading  with  the  same,  to  the  point  where  the  said  branch  meets 
the  main  stream  of  the  Colnmbia,  and  thence  down  tbe  said  main  stream  to  the  ooeaa, 
with  free  access  into  and  through  the  said  river  or  rivers,  it  being  understood  that  aU 
the  usual  portages  along  tbe  line  thus  described  shall,  in  like  manner,  be  free  and 
open.  In  navigating  the  said  river,  or  rivers,  British  subjects,  with  their  goods  and 
produce,  shall  be  treated  on  the  same  footing  as  citizens  of  the  United  States;  it  be- 
ing, however,  always  understood  that  nothing  in  this  article  shall  be  oonstrued  as 
preventing,  or  intending  to  prevent,  the  Government  of  the  United  States  from  making 
any  regulations  respecting  the  navigation  of  the  said  river  or  rivers  not  inconsistent 
with  the  present  treaty. 

The  above  treaty  extended  the  line  westward  from  the  Rocky  Moant- 
ains to  the  Pacific  along  the  forty-ninth  parallel  of  latitude.  This  set- 
tled the  northern  boundary  with  the  exception  of  the  islands  and  (Mis- 
sages  in  the  straits  of  Georgia  and  of  Juan  de  Fuca,  the  English  claim- 
ing that  the  boundary  should  properly  run  through  the  Rosario  strait, 
the  most  eastern  passage,  while  the  United  States  claimed  that  it  should 
naturally  follow  the  Strait  of  Haro. 

This  matter  was  finally  settled  by  a  reference  to  the  Emperor  of  Ger 
many  as  an  arbitrator,  who  decided  it  in  favor  of  the  United  States  on 
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the  2l8t  of  October,  1872,  thus  finally  disposing  of  our  boundary  with 
Great  Britain. 

ADDITIONS  TO   THE  TEEEITOEY  OP  THE  UNITED  STATES. 

liOUISUNA  PUBCHASE. 

The  entire  basin  of  the  Mississippi,  with  much  of  the  coast  region  of 
the  Gulf  of  Mexico,  which  was  subsequently  known  as  the  territory  of 
Louisiana,  was  originally  claimed  by  France  by  virtue  of  discovery  and 
occupation. 

In  1712  France  made  a  grant  to  Antoine  de  Crozat,  of  the  exclusive 
right  to  the  trade  of  this  region.  As  this  grant  makes  the  first,  and 
indeed,  the  only,  statement  of  the  limits  of  this  vast  region,  as  they  were 
understood  by  France,  a  portion  of  it  is  here  introduced. 

We  have  by  these  presents  signed  with  our  hand,  authorized,  and  do  authorize  the 
said  Sieur  Crozat  to  carry  on  exclusively  the  trade  in  all  the  territones  by  us  pos- 
sessed, and  bounded  by  New  Mexico  and  by  those  of  the  English  in  Carolina,  all  the 
establishments,  ports,  harbors,  rivers,  and  especially  the  port  and  harbor  of  Dauphin 
Island,  formerly  called  Massacre  Island,  the  river  St.  Louis,  formerly  called  the 
Mississippi,  from  the  seashore  to  the  Illinois,  together  with  the  river  St.  Philip, 
formerly  called  the  Mlssouries  River,  and  the  St.  .Jerome,  formerly  called  the  Wabash 
(the  Ohio),  with  all  the  countries,  territories,  lakes  in  the  land,  and  the  rivers  empty- 
ing directly  or  indirectly  into  that  part  of  the  river  St.  Louis.  All  the  said  terri- 
tories, countries,  rivers,  streams,  and  islands  we  will  to  be  and  remain  comprised 
under  the  name  of  the  government  of  Louisiana,  which  shall  be  dependent  on  the 
General  Government  of  New  France  and  remain  subordinate  to  it,  and  we  will, 
moreover,  that  all  the  territories  which  we  possess  on  this  side  of  the  Illinois  be 
united,  as  far  as  need  be,  to  the  General  Government  of  New  France  and  form  a  part 
thereof,  reserving  to  ourself,  nevertheless,  to  increase,  if  we  judge  proper,  the  extent 
of  the  government  of  the  said  country  of  Louisiana. 

From  this  it  appears  that  Louisiana  was  regarded  by  France  as  com- 
prising the  drainage  basin  of  the  Mississippi  at  least  as  far  north  as 
the  mouth  of  the  Illinois,  with  those  of  all  its  branches  which  enter  it 
below  this  point,  including  the  Missouri,  but  excluding  that  portion  in 
the  Southwest  claimed  by  Spain.  It  is,  moreover,  certain  that  the  area 
now  comprised  in  Washington,  Oregon,  and  Idaho  was  not  included. 

Crozat  surrendered  this  grant  in  1717. 

On  November  3, 1762,  France  ceded  this  region  to  Spain,  defining  it 
only  as  the  province  of  Louisiana.  A  few  months  later,  on  February  10, 
1763,  by  the  treaty  of  peace  between  Great  Britain,  France,  and  Spain, 
the  western  boundary  of  the  former's  possessions  in  the  New  World 
was  placed  in  the  center  of  the  Mississippi  River,  thus  reducing  the  area 
of  Louisiana  by  the  portion  east  of  the  Mississippi  River.  Thus  by 
these  two  treaties  France  disposed  of  her  possessions  in  North 
America,  dividing  them  between  Great  Britain  and  Spain.  The  limit 
set  between  their  possessions  was  given  as  the  Mississippi,  the  river 
Iberville,  and  lakes  Maurepas  and  Pontchartrain. 

Great  Britain  then  proceeded  to  subdivide  her  skac^  ol  \Xi\^  \«crL- 
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tory.  The  area  soatli  of  a  meridian  through  the  mouth  of  Yazoo 
Biver  and  west  of  Ax)alachicola  River  she  called  West  Florida;  the 
re^on  east  thereof  and  south  of  the  present  north  boundary  of  Florida 
received  the  name  of  East  Florida.  For  the  following  twenty  years, 
i.  e.,  up  to  1783,  these  boundaries  and  names  remained  ondistorbed. 
In  the  latter  year,  by  the  treaty  of  peace  with  the  United  States  at  the 
close  of  the  Kevolution,  Great  Britain  reduced  the  area  of  West 
Florida  by  the  cession  of  that  portion  north  of  the  thirty-first  parallel 
to  the  United  States.  In  the  same  year  she  gave  East  Florida  and 
what  remained  of  West  Florida  to  Spain,  and  in  Spain's  possession 
they  remained  until  ceded  to  the  United  States  in  1819. 

Meantime,  in  1800,  by  the  secret  treaty  of  San  Ildefonso,  Spain 
promised  to  return  Louisiana  to  France.  In  the  language  of  the 
treaty,  she  pledged  herself  to  return  to  France  the  "  Province  of 
Louisiana,  with  the  same  extent  it  now  has  in  the  hands  of  Spain,  and 
that  it  had  when  Spain  possessed  it,  and  such  as  it  should  be  after  the 
treaties  subsequently  entered  into  between  Spain  and  other  States.^ 

Immediately  after  this  transfer  became  known,  on  November  30, 
1802,  measures  were  set  on  foot  by  President  Jefferson  for  securing  iu 
some  way  free  access  to  the  sea  by  way  of  the  Mississippi  Kiver,  Cir- 
cumstances favored  this  negotiation.  Bonaparte  was  at  that  time  in 
almost  daily  expectation  of  a  declaration  of  war  by  Great  Britain,  in 
which  case  the  first  act  of  the  latter  would  be'  to  seize  the  mouth  of 
the  Mississippi,  and  with  it  the  province  of  Louisiana.  Under  these 
circumstances  Bonaparte  otiered  to  sell  the  province  to  the  United 
States,  and  the  ofifer  was  promptly  accepted.  The  consideration  was 
60,000,000  francs  and  the  assumption  by  the  United  States  of  the 
"French  spoliation  claims,"  which  were  estimated  to  amount  to 
$3,750,000. 

The  treaty  of  cession,  which  bears  date  April  30, 1803,  describes  the 
territory  only  as  being  the  same  as  ceded  by  Spain  to  France  by  the 
treaty  of  San  Ildefonso. 

From  this  it  appears  that  the  territory  sold  to  the  United  States 
comprised  that  part  of  the  drainage  basin  of  the  Mississippi  which  lies 
west  of  the  course  of  the  river,  with  the  exception  of  such  parts  as 
were  then  held  by  Spain.  The  want  of  precise  definition  of  limits  in 
the  treaty  was  not  objected  to  by  the  American  commissioners,  as  they 
probably  foresaw  that  this  very  indefiniteness  might  prove  of  service 
to  the  United  States  in  future  negotiations  with  other  powers.  In 
fact,  the  claim  of  the  United  States  to  the  area  now  comprised  in 
Oregon,  Washington,  and  Idaho  in  the  negotiations  with  Great  Britain 
regarding  the  northwestern  boundary,  was  ostensibly  based,  not  only 
upon  prior  occupation  and  upon  purchase  from  Spain,  but  also  upon 
the  alleged  fact  that  this  area  formed  part  of  the  Louisiana  purchase. 
That  this  claim  was  baseless  is  shown  not  only  by  what  has  been 
already  detailed  regarding  the  limits  of  the  purchase,  but  also  by  the 
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direct  testimouy  of  the  French  plenipotentiary,  M.  Barb6  Marbois. 
Some  twenty  years  after  the  purchase  he  published  a  work  upon 
Louisiana,  in  which  he  detailed  at  some  length  the  negotiations  which 
preceded  the  purchase,  and,  referring  to  this  *  question  said:  ^^The 
shores  of  the  western  0(*.ean  were  certainly  not  comprised  in  the  ces- 
sion, but  already  the  United  States  are  established  there." 

There  is  also  contained  in  this  work  a  map  of  the  country  between 
the  Mississippi  and  the  Pacific,  on  which  the  extent  of  Louisiana  to 
the  westward  is  indicated  by  a  line  drawn  on  the  one  hundred  and  tenth 
meridian,  which  is  not  far  from  the  western  limit  of  the  drainage  basin 
of  the  Mississippi  in  Wyoming  and  Montana.  That  part  of  the  coun- 
try now  comprised  in  Oregon,  Washington,  and  Idaho,  which,  it  has 
been  claimed,  formed  part  of  the  purchase,  bears  the  following  legend: 
"Territories  and  countries  occupied  by  the  United  States,  following 
the  treaty  of  cession  of  Louisiana." 

From  this  it  appears  that  the  northwestern  limits  of  the  Louisiana 
purchase  can  no  longer  be  a  matter  of  discussion ;  but  although  the 
United  States  certainly  did  not  purchase  Oregon,  as  a  part  of  Louisi- 
ana, it  is  no  less  certain  that  that  great  area  west  of  the  Rocky  Moun- 
tains fell  into  their  hands  as  a  direct  consequence  of  such  purchase. 

FLORIDA  PUBCHA8E. 

The  second  addition  to  |}he  territory  of  the  United  States  consisted 
of  the  Floridas,  purchased  from  Spain  on  February  22, 1819.  From 
the  date  of  the  Louisiana  purchase,  in  1803,  the  territory  bounded  by 
the  Mississippi  River  on  the  west,  the  Perdido  on  the  east,  the  parallel 
of  31  o  on  the  north,  and  the  Gulf  on  the  south  had  been  in  dispute 
between  the  two  countries.  During  a  part  of  this  time  it  had  been 
practically  in  the  possession  of  the  United  States. 

The  clause  quoted  above  from  the  treaty  of  San  Ildefonso  was  inter- 
preted by  Jefferson  and  others  in  this  country  to  mean  the  inclusion  of 
West  Florida.  Their  reasoning  was  this :  In  1800  Spain  owned  West 
Florida;  West  Florida  was  once  a  part  of  Louisiana;  in  1800  Spain 
receded  Louisiana  to  France;  she  therefore  re-ceded  West  Florida 
with  it. 

Spain,  however,  held  that  this  was  merely  a  treaty  of  recession,  by 
which  she  gave  back  to  France  what  France  had  given  to  her  in  1762. 
Since  in  1762  she  did  not  own  West  Florida,  she  could  not,  therefore, 
have  receded  it  to  France. 

As  to  this  matter,  Marbois,  the  French  plenipotentiary,  was  very 
positive  in  stating  that  West  Florida  formed  no  part  of  the  Louisiana 
purchase,  and  that  the  southeastern  boundary  of  the  latter  was  the 
river  Iberville  and  lakes  Maurepas  and  Pontchartrain. 

Immediately  after  the  Louisiana  purchase  the  claim  was  made  by 
the  United  States  that  it  included  most  of  West  Florida,  and  also  a 
part  of  the  Texas  coast,  but  this  was  not  entertained  by  Spain.  In 
1810  a  revolution  was  effected  in  that  part  of  West  Florida  lym^  ^«»^ 
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of  Pearl  River,  aud  application  was  made  for  aunexatiou  to  the  United 
States.  The  governor  of  Louisiana,  under  instructions  from  Wash- 
ington, at  once  took  possession,  but  immediately  a  counter  revolution 
was  organized  against  him,  which  was  put  down  by  force  of  arms,  and 
in  1812  this  part  of  West  Florida  was  annexed  to  the  State  of  Louisiana. 
Meantime,  the  insurrection  spread  eastward  in  West  Florida,  and« 
although  put  down  by  Spanish  authorities,  the  movement  received  the 
sympathy  of  the  United  States,  which  passed  a  secret  act  authorizing 
the  President,  under  certain  specified  contingencies,  to  use  force  in 
taking  possession  of  the  Floridas.  In  1812  that  portion  of  West  Florida 
lying  between  Perdido  and  Pearl  rivers  was  annexed  to  the  Territory 
of  Mississippi. 

This  purchase  settled  these  conflicting  claims. 

The  following  is  the  clause  in  the  treaty  with  Spain  ceding  the  Flor- 
idas which  defines  the  cession : 

Art.  2.  His  Catholic  Majesty  cedes  to  the  United  States,  in  full  property  and  soy- 
ereignty,  all  the  territories  which  belong  to  him,  situated  to  the  eastward  of  the 
Mississippi,  known  by  the  name  of  East  and  West  Florida,  the  adjacent  islands 
dependent  upon  said  province,  etc. 

A  further  article  in  this  treaty  defines  the  boundary  between  the 
United  States  and  the  Spanish  possessions  in  the  Southwest,  as  follows: 

The  boundary  line  between  the  two  coontries,  west  of  the  Mississippi,  shall  begin 
on  the  Gulf  of  Mexico,  at  the  mouth  of  the  river  Sabine,  in  the  sea,  continuing 
north,  along  the  western  bank  of  that  river,  to  the  thirty-second  degree  of  latitude, 
tbence  by  a  line  due  north  to  the  degree  of  latitude  where  it  strikes  the  Rio  Roxo  of 
Nachitoches,  or  Red  River;  then  following  the  course  of  the  Rio  Roxo  to  the  degree 
of  longitude  100  west  from  London,  or  about  23^'  west  of  Washington ;  then  crossing 
the  said  Rio  Roxo  and  running  thence,  by  a  line  due  north,  to  the  River  Arkansas; 
thence,  following  the  course  of  the  douthern  bank  of  the  Arkansas,  to  its  source  in 
latitude  42  north ;  and  thence  by  that  parallel  of  latitude  to  the  South  Sea,  the 
whole  being  as  laid  down  iu  Melish's  map  of  the  United  States,  published  at  Phila- 
delphia, improved  to  the  Ist  of  January,  1818.  But  if  the  source  of  the  Arkansas 
River  shall  be  found  to  fall  north  or  south  of  latitude  42,  then  the  line  shall  run  from 
the  said  source  due  south  or  north,  as  the  case  may  be,  till  it  meets  the  said  parallel 
of  latitude  42,  and  thence  along  the  said  parallel  to  tho  South  Sea,  all  the  islands  in 
the  Sabine  and  the  said  Red  and  Arkansas  rivers,  throughout  tho  course  thus  de- 
scribed, to  belong  to  the  United  States;  but  the  use  of  tho  waters,  and  the  naviga- 
tion of  the  Sabine  to  the  sea,  aud  of  the  said  rivers  Roxo  and  Arkansas  thronghoat 
the  extent  of  the  said  boundary  on  their  roHpective  banks  shall  bo  common  to  the 
respective  inhabitants  of  both  nations. 

TEXAS  Af€K8S10N. 

The  next  acquisition  of  territory  was  that  of  the  Republic  of  Texas, 
which  was  admitted  as  a  State  on  December  29,  1845.  The  area  which 
Texas  brought  into  the  Union  was  limited  as  follows,  asdeflued  by  the 
Hepublic  of  Texas,  December  19,  1836: 

Beginning  at  tho  mouth  of  the  Sabine  River  and  running  west  aloug  the  Gnlf  of 
Mexico  three  leagues  from  laud  to  the  mouth  of  the  Rio  Grande,  thence  up  tho  prin- 

K^pal  Btream  of  that  river  to  its  source,  thence  due  north  to  the  forty -second  doffree 
^north  latitade,  thence  along  the  \>o\\ii^«n  \\\i«  ^  defined  in  the  treaty  between 
in  and  the  United  States,  to  the  be^iwrnxxft. 
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F1B8T  MEXICAN  CKSSION. 

In  1848  a  farther  addition  was  made  to  our  territory  by  the  treaty  of 
Guadalupe-Hidalgo.  This  added  to  the  country  the  area  of  California, 
Nevada,  Utah,  and  parts  of  Colorado,  Arizona,  and  New  Mexico,  while 
the  Gadsden  purchase,  which  was  effected  in  1853,  added  the  remainder 
of  Arizona  and  another  part  of  New  Mexico. 

The  treaty  of  Guadalupe- Hidalgo  was  concluded  February  2,  1848, 
and  proclaimed  July  4, 1848.  The  clauses  in  it  defining  our  acquisition 
of  territory  are  as  follows: 

Article  V.  The  boundary  nne  between  the  two  Republics  shall  commence  in  the 
Gulf  of  Mexico,  three  leagues  from  land,  opposite  the  mouth  of  the  Rio  Grandey 
otherwise  called  the  Rio  Bravo  del  Norte,  or  opposite  the  mouth  of  its  deepest  branch, 
if  it  should  liave  more  than  one  branch  emptying  into  the  sea ;  fVom  thence  up  the 
middle  of  that  river,  following  the  deepest  channel  where  it  has  more  than  one,  to  the 
point  where  it  strikes  the  southern  boundary  of  New  Mexico;  thence  westwardly 
along  the  whole  southern  boundary  of  New  Mexico  (which  runs  north  of  the  town 
called  Paso)  to  its  western  termination;  thence  northward  along  the  western  line  of 
New  Mexico  until  it  intersects  the  first  branch  of  the  river  Gila  (or  if  it  should  not 
intersect  any  branch  of  that  river,  then  to  the  point  on  the  said  line  nearest  to  such 
branch,  and  thence  in  a  direct  line  to  the  same) ;  thence  down  the  middle  of  the  said 
branch  and  of  the  said  river  until  it  empties  into  the  Rio  Colorado ;  thence  across  the 
Rio  Colorado,  following  the  division  line  between  Upper  and  Lower  California,  to  the 
Pacific  Ocean. 

The  southern  and  western  limits  of  New  Mexico,  mentioned  in  this  article,  are  those 
laid  down  in  the  map  entitled,  "Map  of  the  United  Mexican  States  as  organized  and 
defined  by  various  acts  of  the  Congress  of  said  Republic,  and  constructed  according 
to  the  best  authorities.  Revised  edition.  Published  nt  New  York,  in  1847,  by  J.  Dis- 
tnmell; ''  of  which  map  a  copy  is  added  to  this  treaty,  bearing  the  signatures  and 
seals  of  the  undersigned  plenipotentiaries.  And  in  order  to  preclude  all  difficulty  in 
tracing  upon  the  ground  the  limit  separating  Upper  fiom  Lower  California,  it  is 
agreed  that  the  said  limit  shall  connist  of  a  straight  line  drawn  from  the  middle  of 
the  Rio  Gila,  where  it  unites  with  the  Colorado,  to  a  point  on  the  coast  of  the  Pacific 
Ocean,  distant  ono  marine  league  due  south  of  the  southernmost  point  of  the  port  of 
San  Diego,  according  to  the  plan  of  said  port  made  in  the  year  1782,  by  Don  Juan 
Pautoja,  second  sailing  master  of  the  Spanish  fleet,  and  published  at  Madrid  in  the 
year  1802,  in  the  atlas  to  the  voyage  of  the  sohooners  Sutil  and  Mexicana;  of  which 
plan  a  copy  is  hereunto  added,  signed,  and  sealed  by  the  respective  plenipotentiaries. 

Much  difQculty  followed  in  the  interpretation  of  this  treaty.  A  joiot 
commission  of  the  two  Governments  was  formed,  consisting  of  a  com- 
missioner  and  a  chief  surveyor  from  each.  They  were  instructed  that 
any  decision  upon  the  iuterpretation  of  the  treaty  must  be  agreed  to 
uuanimously.  The  most  important  question  coming  before  the  commis- 
sion for  decision  concerned  the  location  aud  extent  of  the  south  bound- 
ary of  New  Mexico.  Here,  unfortunately,  the  Disturnell  map  left  room 
for  broad  difference  in  opinion.  The  town  called  Paso  is  incorrectly 
located  upon  the  map  to  the  extent  of  nearly  half  a  degree  of  latitude, 
or,  in  other  words,  the  parallels  of  latitude  are  misplaced  to  this  extent, 
so  that  if  the  iK)sition  of  the  south  boundary  of  New  Mexico  be  accepted 
with  reference  to  the  nearest  parallel  of  latitude,  it  is  half  a  degree 
farther  north  than  it  would  be  if  its  {xwition  were  meaaoxod.  fs^xs^^&s^ 
town  of  Paso. 
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In  the  absence  of  the  chief  surveyor  the  other  three  members  of  the 
commission,  including  Mr.  J.  B.  Bartlett,  United  States  commissioner, 
agreed  to  accept  the  position  of  the  south  boundary  of  New  Mexico  as 
shown  by  the  projection  lines  of  the  map;  to  run  a  line  in  this  latitude 
3  degrees  west  from  the  Eio  Grande,  and  from  the  end  of  this  line  to 
run  north  until  a  branch  of  Oila  Biver  was  intersected.  In  accordance 
with  this  decision  a  durable  monument  was  erected  on  the  bank  of  the 
Bio  Grande,  in  latitude  32^  22',  and  the  line  was  run  a  degree  and  a  half 
to  the  westward.  At  this  time  the  chief  surveyor  arrived,  learned  what 
had  been  done,  and  made  a  vigorous  protest  against  this  interpretation 
of  the  map.  This  protest,  backed  by  Major  Emory,  the  chief  astrono- 
mer, caused  a  sudden  stoppage  of  the  work  of  running  the  line  and  the 
repudiation  of  the  agreement  by  the  United  States  Government.  Nego- 
tiations followed,  but  no  agreement  was  reached  until  in  1853  the  whole 
matter  was  taken  out  of  court  by  the  Gadsden  purchase. 

UADSDEN  PURCHASE. 

Subsequently,  on  December  30, 1853,  a  second  purchase  was  made  of 
Mexico,  consisting  of  the  strip  of  land  lying  south  of  the  Gila  Biver, 
in  New  Mexico  and  Arizona.  The  boundaries  as  established  by  this, 
known  as  the  Gadsden  purchase,  were  as  follows : 

Article  I.  The  Mexican  Republic  agrees  to  designate  the  following  as  hertme 
limits  with  the  United  States  for  the  future :  Retaining  the  same  dividing  line  be- 
tween the  two  Californias  as  already  defined  and  established,  according  to  the  fifth 
article  of  the  treaty  of  Guadalupe-Hidalgo,  the  limits  between  the  two  Republics  shaU 
be  as  foUows :  Beginning  in  the  Gulf  of  Mexico,  throe  leagues  from  land,  opposite  the 
mouth  of  the  Rio  Grande,  as  provided  in  the  fifth  article  of  the  treaty  of  Goadalnpe- 
Hidalgo ;  thence,  as  defined  in  the  said  article,  up  the  middle  of  that  river  to  the  point 
where  the  parallel  of  31^  47'  north  latitude  crosses  the  same;  thenoe  due  west  one 
hundred  miles ;  thence  south  to  the  parallel  of  31^  20'  north  latitude ;  thence  along  the 
said  parallel  of  31^  20'  to  the  one  hundred  and  eleventh  meridian  of  longitude  west 
of  Greenwich;  thence  in  a  straight  line  to  a  point  on  the  Colorado  River  twenty 
English  miles  below  the  junction  of  the  Gila  and  Colorado  rivers ;  thence  up  the 
middle  of  the  said  river  Colorado  until  it  intersects  the  present  line  between  the 
United  States  and  Mexico. 

In  the  year  following  a  commission  was  appointed  for  surveying  and 
marking  this  line,  under  the  United  States  commissioner,  Miy.  W.  H. 
Emory.  The  line  was  run  and  marked  in  the  year  1855,  and  the  rejjort 
was  transmitted  in  the  following  year. 

As  settlement  increased  in  the  territory  which  this  line  traverses  the 
fact  was  developed  that  the  line  was  insufficiently  marked.  Some  of 
the  monuments  had  disappeared  and  in  many  places  there  were  great 
extentsof  country  in  which  no  monuments  had  ever  been  placed,  so  that 
the  necessity  became  apparent  for  rerunning  and  marking  of  the  line. 
For  this  purpose  a  commission  was  created  in  1891,  the  United  States 
members  of  which  were  Col.  J.  W.  Barlow  and  Capt.  D.  D.  GaUlard, 
Corps  of  Engineers,  U.  S.  A.,  and  Mr.  A.  T.  Mosmaii  of  the  United 
States  Coast  and  GeodeUo  Suivey.    Under  this  commission  the  line 
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was  recovered  from  the  original  monuments  as  far  as  possible,  and 
between  these  monuments  was  rerun  and  fully  and  durably  marked. 
The  report,  with  maps,  profiles,  and  illustrations  of  the  monuments,  was 
published  in  1899. 

JLLASKA  PURCHASE. 

Alaska  was  purchased  from  Russia,  the  treaty  of  purchase  having 
been  signed  on  March  30, 1867,  and  proclaimed  June  20, 1867.  The 
boundaries  of  the  territory  are  described  in  the  accompanying  quota- 
tion from  the  treaty : 

Commencing  from  the  southernmost  point  of  the  island  called  Prince  of  Wales 
Island,  which  point  lies  in  the  parallel  of  54^  40^'  north  latitude,  and  between  the 
one  hundred  and  thirty-first  and  one  hundred  and  thirty-third  degree  of  west  longi- 
tade  (meridian  of  Greenwich),  the  said  line  shall  ascend  to  the  north  along  the 
channel  called  Portland  Channel  as  far  as  the  point  of  the  continent  where  it  strikes 
the  fifty-sixth  degree  of  north  latitude ;  from  this  last-mentioned  point  the  line  of 
demarkation  shall  follow  the  summit  of  the  mountains  situated  parallel  to  the  coast 
as  far  as  the  point  of  intersection  of  the  one  hundred  aud  forty-first  degree  of  west 
longitude  (of  the  same  meridian) ;  and,  finally,  from  the  said  point  of  intersection 
the  said  meridian  line  of  the  oue  hundred  and  forty -first  degree  in  its  prolongation 
as  far  as  the  Frozen  Ocean. 

IV.  With  reference  to  the  line  of  demarkation  laid  down  in  the  preceding  article 
it  is  understood — 

Ist.  That  the  island  called  Prince  of  Wales  Island  shall  belong  wholly  to  Russia 
(now,  by  this  cession,  to  the  United  States). 

2d.  That  whenever  the  summit  of  the  mountains  which  extend  in  a  direction  par- 
allel to  the  coast  from  the  fifty-sixth  degree  of  north  latitude  to  the  point  of  inter- 
section of  the  one  hundred  and  forty-first  degree  of  west  longitude  shall  prove  to  be 
at  the  distance  of  more  than  ton  marine  leagues  from  the  ocean,  the  limit  between 
the  British  possessions  and  the  line  of  coast  which  is  to  belong  to  Russia,  as  above 
mentioned  (that  is  to  say,  the  limit  to  the  possessions  ceded  by  this  convention), 
shall  be  formed  by  a  line  parallel  to  the  winding  of  the  coast,  and  which  shall  never 
exceed  the  distance  of  ten  marine  leagues  therefrom. 

The  woHtern  limit  within  which  the  territories  and  dominion  conveyed  are  con- 
tained passes  through  a  point  in  Behring's  Straits  on  the  parallel  of  65^  SO'  north 
latitude  at  its  intersection  by  the  meridian  which  passes  midway  between  the 
islands  of  Krusenstem  or  Ignalook  and  the  island  of  Ratmanoff  or  Noonerbook, 
and  proceeds  due  north  without  limitation  into  the  same  Frozen  Ocean. 

The  same  western  limit,  beginning  at  the  same  initial  point,  proceeds  thence  in 
a  course  nearly  southwest  through  Behring's  Straits  and  Behring's  Sea,  so  as  to  pass 
midway  between  the  northwest  point  of  the  island  of  Saint  Lawrence  and  the  south- 
east point  of  Cape  Ohoukotski  to  the  meridian  of  one  hundred  and  seventy- two  west 
longitude ;  thence  from  the  intersection  of  that  meridian  in  a  southwesterly  direc- 
tion, so  as  to  pass  midway  between  the  island  of  Attore  and  the  Copper  Island  of 
the  Kormandorski  couplet  or  group,  in  the  North  Pacific  Ocean,  to  the  meridian  of 
oue  hundred  and  ninety-three  degrees  west  longitude,  so  as  to  include  in  the  terri- 
tory conveyed  the  whole  of  the  Aleutian  Islands  west  of  that  meridian. 

The  consideration  paid  for  Alaska  was  $7,200,000  in  gold. 

There  is  no  possibility  of  a  misinterpretation  of  the  language  of  the 
above  treaty  concerning  the  portion  of  the  boundary  running  along  the 
one  hundred  and  forty-first  meridian  from  the  shores  of  the  Arctic 
Ocean  to  the  neighborhood  of  the  coast  near  Mount  St«  Eliad&^WGL^Ss^ 
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recent  years  points  upon  this  boundary,  notably  at  the  crossing  of  the 
Yukon,  have  been  established  by  the  United  States  and  Canadian  sur- 
veyors by  astronomic  means  and  marked. 

Concerning  the  remaining  portion  of  the  boundary,  however,  from 
the  neighborhood  of  Mount  St.  Elias  southeastward  to  the  mouth  of 
Portland  Canal,  question  has  been  raised  in  recent  years  by  Canadian 
authorities. 

It  has  long  been  known  that  the  coast  of  this  part  of  Alaska  is 
extremely  broken,  containing  many  fiords  extending  far  inland,  and 
that  no  continuous  range  of  mountains  parallels  the  coast.  It  was  for 
many  years  tacitly  admitted  by  both  sides  that  the  second  alternative 
of  the  treaty,  that  tlie  boundary  should  follow  a  line  10  marine  leagues 
distant  from  the  coast  and  following  its  windings,  should  be  the  one 
finally  adopted  when  the  question  of  marking  the  boundary  arose. 
This  position  was  taken  by  the  United  States  and  consistently  followed 
from  the  time  of  the  acquisition  of  the  territory  to  the  present.  All 
maps,  United  States  and  Canadian,  agreed  on  it.  Many  actfi  of  sov- 
ereignty were  performed  by  the  United  States  within  this  territory,  no 
question  being  raised  by  tlie  Canadian  authorities,  and  the  claim  of  the 
United  States  to  a  strip  of  territory  10  marine  leagues  in  width  fix)m 
the  main  coast  was  universally  admitted  by  the  Canadian  aathoritiea 
The  discovery  of  gold  in  the  basin  of  the  Yukon,  in  Canada,  and  the 
fact  that  the  only  feasible  means  of  access  to  this  region  lay  through 
United  States  territory,  made  it  extremely  desirable  for  Canada  to 
possess  a  port  or  ports  on  this  coast  as  the  starting  points  of  routes 
to  the  Yukon  mines,  and  it  was  only  when  this  necessity  appeared  that 
any  question  arose  concerning  the  interpretation  of  the  definition  of 
limits  in  the  treaty. 

The  claim  made  by  the  British  Government,  before  a  joint  commis- 
sion on  the  boundary,  on  behalf  of  Canada,  in  August,  1898,  was  that 
this  portion  of  the  boundary,  instead  of  passing  up  Portland  Canal, 
should  pass  up  Pearse  Canal,  connecting  with  Portland  Canal,  up  which 
it  follows  to  the  summit  of  the  mountains  nearest  to  the  coast,  and  then 
should  follow  them,  regardless  of  the  fact  that  they  do  not  form  a  con- 
tinuous range,  crossing  all  the  inlets  of  the  sea  up  to  Mount  St.  Elias. 
This,  of  course,  was  refused  by  the  United  States  commissioners.  A 
proposition  made  by  the  British  commissioners  to  refer  the  matter  to 
arbitration  was  also  reftised  by  the  United  States  commissioners,  on 
the  ground  that  there  was  nothing  to  arbitrate,  since  the  territory  in 
question  was  in  the  possession  of  the  United  States,  and  liad  been  for 
many  years  without  dispute,  such  possession  being  in  full  accord  with 
the  terms  of  the  treaty.  The  commission  was  then  dissolved,  the  only 
outcome  being  an  agreement  that  the  summits  of  White  and  Ohilkoot 
passes  and  a  point  upon  the  Chilkat,  above  Pyramid  Harbor,  were  tem- 
porarily adopted  as  points  upon  the  boundary. 
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HAWAIIAN  IKLAND8. 

The  Kepablic  of  Hawaii,  comprising  eight  islands  in  the  Pacific,  vol- 
untarily joined  the  United  States  in  1898. 

POBTO  BICO,  tiUAH,  AND  PHIUPPINE  INLANDS. 

The  latest  accession  of  territory  made  by  the  United  States  were  the 
islands  taken  from  Spain  following  the  war  of  1898.  These  were  relin- 
quished to  the  United  States  by  the  treaty  of  peace  of  December  10, 
1898.    They  were  as  follows: 

Cuba,  sovereignty  over  which  was  relinquished  by  Spain  and  assumed 
by  the  United  States.  With  Cuba  was  included  the  Isle  of  Pines  and 
the  islets  scattered  around  the  Cuban  coast. 

Porto  Eico  and  other  Spanish  West  India  islands  which  were  ceded 
to  the  United  States. 

The  island  of  Guam,  in  the  Ladrones. 

The  Philippine  Islands,  which  comprise  all  the  islands  lying  within 
the  following  line,  as  defined  in  the  words  of  the  treaty : 

A  line  rnnning  from  west  to  east  along  or  near  the  twentieth  parallel  of  north 
latitude,  and  tbroagh  the  middle  of  the  navigable  channel  of  Bachi,  from  the  one 
hnndred  and  eighteenth  (118th)  to  the  one  hundred  and  twenty-seventh  (I27th) 
degree  meridian  of  longitude  east  of  Greenwich ;  thence  along  the  one  hnndred  and 
twenty-seventh  (127th)  degree  meridian  of  longitude  east  of  Greenwich  to  the  par- 
allel of  four  degrees  and  forty-five  minutes  (4<^  45')  north  latitude;  thence  along  the 
parallel  of  four  degrees  and  forty-five  minutes  (4^  45')  north  latitude  to  its  intersec- 
tion with  the  meridian  of  longitude  one  hnndred  and  nineteen  degrees  and  thirty- 
five  minutes  (119^  35')  east  of  Greenwich;  thence  along  the  meridian  of  longitude 
one  hnndred  and  nineteen  degrees  and  thirty-five  minutes  (119^  35')  east  of  Green- 
wich to  the  parallel  of  latitude  seven  degrees  and  forty  minutes  (7^  40')  north ; 
thence  along  the  parallel  of  latitude  seven  degrees  and  forty  minutes  (7^  40')  north 
to  its  intersection  with  the  one  hundred  and  sixteenth  (116th)  degree  meridian  of 
longitude  east  of  Greenwich;  thence  by  a  direct  line  to  the  intersection  of  the  tenth 
(10th)  degree  parallel  of  north  latitude  with  the  one  hundred  and  eighteenth  (118th) 
degree  meridian  of  longitude  east  of  Greenwich;  and  thence  along  the  one  hundred 
and  eighteenth  (118th)  degree  meridian  of  longitude  east  of  Greenwich  to  the  point 
of  beginning. 

For  the  Philippines  the  sum  of  $20,000,000  was  paid  by  the  United 
States  to  Spain. 


CHAPTER  II. 

THB   PUBIilC   DOBIATN  AND   AN   OUTI/INE   OF   THE    BHS- 

TORY  OF  CHANGES  MADE  THEREIN. 

CESSIONS   BY   THE   STATES. 

At  the  time  the  Constitntion  was  adopted  by  the  original  thirteen 
States,  many  of  them  possessed  nnoccapied  territory,  in  some  caaes  en- 
tirely detached  and  lying  west  of  the  Appalachian  Monntains.  Thus, 
G^rgia  included  the  territory  from  its  present  eastern  limits  westward 
to  the  Mississippi  River.  North  Carolina  possessed  a  narrow  strip  ex- 
tending firom  latitude  35^  to  36^  3(K,  approximately,  and  mnninf^  west- 
ward to  the  Mississippi,  inclading  besides  its  own  present  area  that  of 
the  present  state  of  Tennessee.  In  like  manner,yirginia  possessed  what 
is  now  Eentncky,  while  a  number  of  States,  as  Pennsylvania,  New  York, 
Massachusetts,  and  Conuecticut,  laid  claim  to  areas  in  what  was  after 
ward  known  as  the  Territory  Northwest  of  the  River  Ohio,  a  region  which 
is  now  comprised  mainly  in  the  States  of  Ohio,  Indiana,  Illinois,  Michi- 
gan, and  Wisconsin.  These  claims  were  to  a  greater  or  less  extent  con- 
flicting. In  some  cases  several  States  claimed  authority  over  the  same 
area,  while  the  boundary  lines  were  in  most  cases  very  ill-defined. 

The  ownership  of  these  western  lands  by  individual  States  was  op- 
posed by  those  States  which  did  not  share  in  their  possession,  mainly 
on  the  ground  that  the  resources  of  the  General  Government,  to  whi(^ 
all  contributed,  should  not  be  taxed  for  the  protection  and  development 
of  this  region,  while  its  advantages  would  inure  to  the  benefit  of  but  a 
favored  few.  On  this  ground  several  of  the  States  refused  to  ratify  the 
Constitution  until  this  matter  had  been  settled  by  the  cession  of  these 
tracts  to  the  General  Government. 

Moved  by  these  arguments,  as  well  as  by  the  consideration  of  the 
conflicting  character  of  the  claims,  which  must  inevitably  lead  to  trouble 
among  the  States,  Congress  passed,  on  October  30,  1779,  the  following 
act: 

Whereas  the  appropriation  of  the  vacant  lands  by  the  several  States  daring  the 
present  war  will,  in  tho  opinion  of  Congress,  be  attended  with  great  mischiefs :  There- 
fore, 

Bmolved^  That  it  bo  earnestly  recommended  to  the  State  of  Virginia  to  reconsider 
their  late  act  of  assembly  for  opening  their  land  office;  and  that  it  be  recommended 
to  the  said  State,  and  all  other  States  similarly  circumstanced,  to  forbear  settling  or 
issuing  warrants  for  unappropriated  lands,  or  granting  the  same  during  the  oontin- 
nanoe  of  the  present  war. 
30 
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This  resolution  was  transmitted  to  the  dififerent  States.  The  first  to 
respond  to  it  by  the  transfer  of  her  territory  to  the  General  Qovernmeut 
was  New  York,  whose  example  was  followed  by  the  other  States. 

These  cessions  were  made  on  the  dates  given  below : 

New  York,  March  1,  1781. 

Virginia,  March  1,  1784. 

Massachusetts,  April  19,  1785 

Connecticut,  September  13,  1786. 

The  Connecticut  act  of  cession  reserved  an  area  in  the  northeastern 
part  of  OhiOy  known  as  the  Western  Reserve.  On  May  30,  1800,  Con- 
necticut gave  to  the  United  States  jurindiction  over  this  area,  but  with- 
out giving  up  its  property  rights  in  it. 

South  Carolina,  August  9,  1787. 

North  Carolina,  February  25,  1790. 

Georgia,  April  24, 1802. 

The  following  paragraph  from  the  deed  of  cession  by  New  York 
defines  the  limits  of  its  cession  to  the  General  Government : 

Now,  therefore,  know  ye,  that  we,  the  said  James  Daane,  William  Floid,  and  Alex- 
ander M'Doagall,  hy  virtue  of  the  power  and  authority,  and  in  the  ezecntion  of  the 
trust  reposed  in  us,  as  aforesaid,  have  Judged  it  expedient  to  limit  and  restrict,  and 
we  do,  by  these  presents,  for  and  in  behalf  of  the  said  State  of  New  York,  limit  and 
restrict  the  boundaries  of  the  said  State  in  the  western  parts  thereof,  with  respect  to 
the  jurisdiction,  as  well  as  the  right  or  pre-emption  of  soil,  by  the  lines  and  in  the 
form  following,  that  is  to  say :  a  line  from  the  northeast  comer  of  the  State  of  Penn- 
sylvania, along  the  north  bounds  thereof  to  its  northwest  comer,  continued  due  west 
until  it  shall  be  intersected  by  a  meridian  line  to  be  drawn  from  the  forty-fifth  degree 
of  north  latitude,  through  the  most  westerly  bent  or  inclination  of  Lake  Ontario; 
thence  by  the  said  meridian  line  to  the  forty-fifth  degree  of  north  latitude ;  and 
thence  by  the  said  forty-fifth  degree  of  north  latitude ;  but  if,  on  experiment,  the 
above-described  meridian  line  shall  not  comprehend  twenty  miles  due  west  from  the 
most  westerly  bent  or  inclination  of  the  river  or  strait  of  Niagara,  then  we  do,  by 
these  presents,  in  the  name  of  the  people,  and  for  and  on  behalf  of  the  State  of  New 
York,  and  by  virtue  of  the  authority  aforesaid,  limit  and  restrict  the  boundaries  of 
the  said  State  in  the  western  parts  thereof,  with  respect  to  Jurisdiction,  as  well  as  the 
right  of  pre-emption  of  soil,  by  the  lines  and  in  the  manner  following,  that  is  to  say : 
a  liue  from  the  northeast  comer  of  the  State  of  Pennsylvania,  along  the  north  bounds 
thereof,  to  its  northwest  comer,  continued  due  west  until  it  shall  be  intersected  by  a 
meridian  line,  to  be  drawn  from  the  forty-fifth  degree  of  north  latitude,  through  a 
point  twenty  miles  due  west  from  the  most  westerly  bent  or  inclination  of  the  river 
or  strait  Niagara ;  thence  by  the  said  meridian  line  to  the  forty-fifth  degree  of  north 
latitude,  and  thence  by  the  said  forty-fifth  degree  of  north  latitude. 

The  deed  of  cession  by  Virginia  gives  no  limits,  further  than  to  specify 
that  the  lands  transferred  indnde  only  those  lying  northwest  of  the 
river  Ohio. 

The  following  paragraph  from  the  deed  of  cession  by  Massachusetts 
gives  the  limits  of  the  area  ceded : 

*  *  *  We  do  by  these  presents  assign,  transfer,  quitclaim,  cede,  and  convey  to 
the  United  States  of  America,  for  their  benefit,  Massachusetta  inclusive,  aU  right, 
title,  and  estate  of  and  in,  as  well  the  soil  aa  the  Joiiadiotion,  which  the  MUd  Com- 
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monwealth  hath  to  the  territory  or  tract  of  country  within  the  limits  of  Mimnirhn 
setts  charter  situate  and  lying  west  of  the  following  line,  that  is  to  say,  a  meridian 
line  to  be  drawn  from  the  forty-fifth  degree  of  north  latitude  through  the  westerly 
bent  or  inclination  of  Lake  Ontario,  thence  by  the  said  meridian  line  to  the  most 
sontherly  side  line  of  the  territory  contained  in  the  MassaohnsettB  charter ;  but  if 
on  experiment  the  above-described  meridian  line  shall  not  comprehend*  twenty  miles 
due  west  from  the  most  westerly  bent  or  inclination  of  the  river  or  strait  of  Niagara, 
then  we  du  by  these  presents,  by  virtue  of  the  power  and  authority  aforesaid,  in  the 
name  and  on  behalf  of  the  said  Conmion wealth  of  Massachusetts,  transfer,  quitclaim, 
cede,  and  convey  to  the  United  States  of  America,  for  their  benefit,  Maflsachosetts 
inclusive,  all  right,  title,  and  estate  of  and  in  ns  well  the  soil  as  the  Jurisdiction, 
which  the  said  Commonwealth  hath  to  the  territory  or  tract  of  country  within  the 
limits  of  the  Massachusetts  charter,  situate  and  lying  west  of  the  following  line,  that 
is  to  say,  a  meridian  line  to  be  drawn  firom  the  forty-fifth  degree  of  north  latitude 
through  a  poiut  twenty  miles  due  west  from  the  most  westerly  bent  or  indinatton  of 
the  river  or  strait  of  Niagara ;  thence  by  the  said  meridian  lino  to  the  most  southerly 
side  line  of  the  territory  contained  in  the  Massachusetts  charter  aforesaid. 

The  following  clause  from  the  act  of  the  legislatare  of  Gonneeticiit, 
aathorizing  the  cession,  defines  its  limits : 

Be  it  enacted  •  •  •  That  the  delegates  of  this  State,  or  any  two  of  them,  who 
shall  be  attending  the  Congress  of  the  United  States,  be,  and  they  are  hereby,  diieeled, 
authorized,  and  fully  empowered,  in  the  name  and  behalf  of  this  State,  to  make,  ex- 
ecute, and  deliver,  under  their  hands  and  seals,  an  ample  deed  of  release  and  oessiou 
of  all  the  right,  title,  interest.  Jurisdiction,  and  claim  of  the  State  of  Conneotiont  to 
certain  western  lands,  beginning  at  the  completion  of  the  forty -first  degree  of  nortb 
latitude,  one  hundred  and  twenty  miles  west  of  the  western  boundary  line  of  tbr 
Commonwealth  of  Pennsylvania,  as  now  claimed  by  said  Commonwealth,  and  froui 
thence  by  a  line  drawn  north,  parallel  to  and  one  hundred  and  twenty  miles  west  of 
the  said  west  line  of  Pennsylvania,  and  to  continue  north  until  it  comes  to  forty-two 
degrees  and  two  minutes  north  latitude.  Whereby  all  the  right,  title,  interest.  Juris- 
diction, and  claim  of  the  StAte  of  Connecticut  to  the  lands  lying  west  of  said  line  to 
be  drawn  as  aforementioned,  one  hundred  and  twenty  miles  west  of  the  western  bound- 
ary lino  of  the  Commonwealth  of  Pennsylvania,  as  now  claimed  by  said  Commou- 
wealth,  shall  l>e  included,  released,  and  ceded  to  the  United  States  in  Congress  as- 
sembled, for  the  common  use  and  benefit  of  the  said  States,  Connecticut  inclusive. 

The  cession  of  South  Carolina  was  described  as  follows : 

*  •  *  AH  the  territory  or  tract  of  country  included  within  the  river  Mississippi 
and  a  line  l>eginning  at  that  part  of  the  said  river  which  is  interscHsted  by  the  southern 
boundary  line  of  the  State  of  North  Carolina,  and  continuing  along  the  said  boundary 
line  until  it  intersects  the  ridge  or  chain  of  mountains  which  divides  the  eastern  from 
the  western  waters,  then  to  be  continued  along  the  top  of  said  ridge  of  mountains 
until  it  intersects  a  line  to  be  drawn  due  west  from  the  lioad  of  the  southern  branch 
of  Tugaloo  River  to  the  said  mountains  ;  from  thence  to  run  a  due  west  course  to  the 
river  Mississippi. 

The  state  of  North  (3arolina  ceded — 

The  lands  situated  within  th(5  chartered  limit-s  of  the  State,  west  of  a  line  beginning 
on  the  extreme  height  of  Stone  Mountain,  at  the  pla(!e  where  the  Virginia  lino  inter- 
sects it ;  running  thence  along  the  extreme  height  of  the  said  mountain  to  the  plaoe 
where  the  Watauga  River  breaks  through  it ;  thence  a  direct  course  to  the  top  of  the  Yel- 
low Mountain  where  Hright^s  road  crosses  the  same  ;  thence  along  the  ridge  of  the  said 
^uonntain,  between  the  waters  of  Doe  River  and  the  waters  of  Rock  Oeek,  to  the  place 
Bfteno  ^heroad  crosses  the  Iron  Mountain  ;  from  thence  along  the  extreme  height  of  the 
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said  mountain  to  where  Noleohncky  River  runs  throogh  the  same  ;  thenoe  to  the  top  of 
the  Bald  Mountain ;  thenoe  along  the  extreme  height  of  the  said  mountain  to  the 
Painted  Rock,  on  French  Broad  River ;  thence  along  the  highest  ridge  of  the  said 
mountain  to  the  place  where  it  is  called  the  Qreat  Iron  or  Smoky  Mountain ;  thenoe 
along  the  extreme  height  of  the  said  mountain  to  the  place  where  it  is  called  the  Uniooy 
or  Unaka  Mountain,  between  the  Indian  towns  of  Cowee  and  Old  Chota ;  thenoe  along 
the  main  ridge  of  the  said  mountain  to  the  southern  boundary  of  this  State. 

It  will  be  noted  that  the  above  deacriptioii  of  the  eastein  boondary  of 
her  ceded  possessions  agrees  in  general  terms  with  the  description  ot 
the  western  boundary  of  North  Carolina,  as  given  on  page  102. 

The  articles  of  cession  by  Gteorgia  describe  the  area  ceded  as  follows : 

The  lands  situated  within  the  boundaries  of  the  United  States,  south  of  the  State  of 
Tennessee  and  west  of  a  line  beginning  on  the  west  bank  of  the  Chattahouchee  River, 
where  the  same  crosses  the  boundary  line  between  the  United  States  and  Spain ;  thenoe 
running  up  the  said  river  Ghattahonohee  and  along  the  western  bank  thereof  to  the 
great  bend  thereofy  next  above  the  place  where  a  certain  creek  or  river,  called  Uchee 
(being  the  first  considerable  stream  on  the  western  side,  above  the  Cussetas  and  Coweta 
towns),  empties  into  the  said  Chattahouchee  River ;  thence  in  a  direct  line  to  Nioka- 
jack,  on  the  Tennessee  River;  thenoe  crossing  the  last-mentioned  river,  and  thenoe 
running  up  the  said  Tennessee  River  and  along  the  western  bank  thereof  to  the  south- 
ern boundary  line  of  the  State  of  Tennessee. 

Of  the  area  thns  ceded  to  the  Oeneral  Gk)vemment,  the  part  lying  north 
of  the  Ohio  was  afterwards  erected  into  the  "Territory  Northwest  of  the 
River  Ohio,''  and  the  balance,  lying  south  of  that  river,  was  known  as  the 
"  Territory  South  of  the  River  Ohio.'' 


TERRITORY   NORTHWEST   OF   THE   RIVER   OHIO. 

This  territory  was  bounded  on  the  west  by  the  Mississippi  and  the 
international  boundary,  on  the  north  by  the  boundary  line  between  the 
United  States  and  the  British  Possessions,  on  the  east  by  the  Pennsyl- 
vania and  New  York  state  lines,  and  on  the  south  by  Ohio  River.  It 
comprised  an  area  of,  approximately,  266,000  square  miles.    It  was 

made  up  of  claims  of  different  States  as  follows: 

1.  Virginia  unconteste*!  claims,  wliich  consisted  of  all  the  territory 

west  of  Pennsylvania  and  north  of  the  Ohio  to  the  forty -first  parallel  of 
north  latitude,  besides  her  claim,  by  capture,  as  &r  as  the  northern 
limits  of  the  land  under  the  crown  which  had  been  subject  to  the  juris- 
diction of  the  provinces  of  Quebec  and  to  Lakes  Michigan  and  Huron. 

2.  The  claim  of  Connecticut,  which  extended  from  the  forty-first  par- 
allel northward  to  the  parallel  of  42^  2',  and  from  the  west  line  of  Penn- 
sylvania to  the  Mississippi  River. 

3.  The  claim  of  Massachusetts,  which  extended  from  the  north  line 
of  the  Connecticut  claim  above  noted  to  43^  43^  12^^  north  latitude,  and 
from  the  eastern  boundary  of  New  York  to  the  Mississippi. 
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4.  The  belt  or  zone  lying  north  of  the  Massaohosetts  claim,  extend- 
ing thence  to  the  Canada  line  and  west  to  the  Mississippi  Biver,  was 
claimed  to  have  been  obtained  by  the  treaty  of  peace  of  Great  Britain, 
September  3,  1783. 

5.  At  the  cession  by  the  state  of  Virginia,  both  Massachusetts  and 
New  York  claimed  the  Erie  purchase  of  about  316  square  miles,  which 
was  subsequently  bought  by  Pennsylvania  and  added  to  that  State. 

From  this  territory  were  formed  the  following  States :  Ohio,  Indiana, 
Illinois,  Michigan,  Wisconsin,  that  part  of  Minnesota  east  of  the  Missis- 
sippi Biver,  and  the  northwest  comer  of  Pennsylvania. 

In  1787  a  bill  for  its  provisional  division  into  not  less  than  three  nor 
more  than  five  States  was  passed  by  Congress.  In  this  bill  the  Umits 
of  the  proposed  States  were  defined,  corresponding  in  their  uorUi  and 
south  lines  to  the  boundaries  of  Ohio,  Illinois,  and  Indiana,  as  at  pres- 
ent constituted.  The  following  gives  the  text  of  the  danse  defining 
these  boundaries : 

CONFEDERATE  CONGRESS — ^AN  ORDINANCE  FOR  THE  GOVERNMENT  OF  THE  TBRBTIOET 
OF  THE  UNITED  STATES  NORTHWEST  OF  THE    RIVER  OHIO. 


Article  5.  There  shaU  be  formed  in  the  said  territory  Dot  less  than  three  nor  mora 
than  fiye  States;  and  the  boundaries  of  the  States,  as  soon  as  Virginia  shaU  alter  her 
act  of  cession  and  consent  to  the  same,  shall  become  fixed  and  established  as  foUow% 
to  wit:  The  western  State,  in  said  territory,  shall  be  bounded  by  the  Mississippi,  the 
Ohio,  and  the  Wabash  Riyer ;  a  direct  line  drawn  from  the  Wabash  and  Post  Yinoeoti^ 
due  north,  to  the  territorial  line  between  the  United  States  and  Canada  ;  aad  by  the 
said  territorial  line  to  the  Lake  of  the  Woods  and  Mississippi.  The  middle  State 
shall  be  bounded  by  the  said  direct  line,  the  Wabash  from  Post  Vincents  to  the  Ohio, 
by  the  Ohio,  by  a  direct  line  drawn  due  north  from  the  mouth  of  the  Qreat  Miami  to 
the  said  territorial  line,  and  by  the  said  territorial  Hue.  The  eaHt«m  State  shall  be 
bounded  by  the  last-mentioned  direct  line,  the  Ohio,  Pennsylvania,  and  the  said  ter- 
ritorial line:  Frovidedf  however.  And  it  is  further  understood  and  declared,  that  the 
boundaries  of  these  three  States  shall  be  subject  so  far  to  be  altered,  that,  if  Congresi 
shall  hereafter  find  it  expedient,  they  shall  have  authority  to  form  one  or  two  States 
in  that  part  of  the  said  territory  which  lies  north  of  an  east  and  west  line  drawn 
through  the  southerly  bend  or  extreme  of  Lake  Michigan. 

Passed  July  13, 1787. 

The  provisions  of  this  bill  seem,  however,  never  to  have  been  carried 
out.  A  provisional  government  was  instituted  in  1788.  By  act  of 
May  7,  1800,  Congress  divided  this  territory  into  two  territorial  gov- 
ernments, the  divisional  line  being  a  meridian  passing  through  the 
mouth  of  the  Kentucky  River  and  extending  tbeuce  northward  to  the 
Canada  border.  The  eastern  portion  became  the  ''Territory  Northwest 
of  the  River  Ohio,"  and  the  western  portion,  Indiana  Territory. 

On  November  29,  1802,  the  State  of  Ohio,  comprising  most  of  the 
former,  was  formed  and  admitted  into  the  Union,  while  the  remnaiit  ol 
it  was  added  to  Indiana  Territory. 

In  1805,  all  that  portion  of  Indiana  Territory  lying  north  of  a  parallel 
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throagh  the  mcMst  soatherly  bend  of  Lake  Michigan  and  east  of  a  meridian 
drawn  throagh  the  same  point  became  the  Territory  of  Michigan.  The 
boQudary  between  these  territories  was  sabseqneu tly  very  mach  changed, 
as  will  appear  in  the  sequel. 

By  act  of  February  3,  1809,  Indiana  Territory  was  again  divided,  and 
the  Territory  of  Illinois  wad  created  from  the  part  lying  west  of  the 
Wabash  Biver  and  a  meridian  running  through  the  city  of  Yincennes, 
extending  thence  to  the  Canada  line. 

In  1816  Indiana,  and  in  1818  Illinois,  were  admitted  to  the  Union  as 
States,  each  with  its  boundaries  as  constituted  at  present.  By  the  same 
act  the  Mississippi  Siver  was  made  the  western  boundary  of  the  Territory 
of  Michigan,  thus  making  it  include  all  the  balance  of  the  original  North- 
west Territory  after  the  formation  of  the  three  States  of  Ohio,  Indiana, 
and  Illinois. 

The  act  of  1834  added  to  Michigan  Territory  the  land  between  the 
Missouri  and  White  Earth  Eiversonthe  west  and  the  Mississippi  Biver 
on  the  east. 

Wisconsin  Territ>ory  was  formed  in  18S6  from  the  portion  of  Michigan 
Territory  west  of  the  present  State  of  Michigan.  On  January  26, 1837, 
Michigan  was  admitted  into  the  Union,  with  its  present  boundaries. 
In  1838  all  that  portion  of  Wisconsin  Territory  lying  west  of  the  Missis- 
sippi Biver  and  a  line  drawn  due  north  from  its  source  to  the  interna- 
tional boundary  (that  is,  all  that  part  which  was  originally  comprised 
iu  the  Louisiana  purchase)  was  made  the  Territory  of  Iowa,  and  in  1848 
Wisconsin  was  admitted  as  a  State,  with  its  boundaries  as  at  present 
constituted. 

This  apx>ears  to  leave  the  area  which  is  now  the  northeastern  part  of 
Minnesota,  lying  east  of  the  Mississippi  Biver  and  a  line  drawn  due 
north  from  its  source,  without  any  government  until  the  formation  of 
Minnesota  Territory,  in  1849. 


TERRITORY   SOUTH   OF   THE   RIVER   OHIO. 

The  '* Territory  South  of  the  River  Ohio"  was  bounded  on  the  north 
by  the  present  northern  boundary  of  Tennessee,  on  the  south  by  the 
thirty-first  parallel  of  latitude,  on  the  east  by  the  States  of  Virginia, 
North  Carolina^  South  Carolina,  and  Georgia,  and  on  the  west  by 
Mississippi  Eiver.  The  different  cessions  from  the  States  which  made 
up  this  region  are  as  follows: 

1 .  The  area  ceded  by  North  Carolina,  which  extended  from  36°  30' 
north  latitude  southward  to  35^,  and  from  the  western  boundary  line  of 
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the  present  Stnte  t^)  the  Mississiiipi  Kiver.    This  is  now  the  Btate  of 
Tennessee. 

2.  The  area  ceded  by  South  Carolina,  which  formed  auarrow  belt,  12or 
14  miles  in  width,  lying  south  of  the  thirty-fifth  parallel,  and  extending 
Irom  her  western  boundary  to  the  Mississippi  River.  It  is  doubt^l 
whether  under  the  terms  of  the  original  charters  South  Garolina  pos- 
sessed this  strip,  or  whether  it  was  not  included  in  the  possessions  of 
(Georgia. 

3.  The  area  ceded  by  Georgia,  which  comprised  most  of  the  region  of 
the  present  States  of  Alabama  and  Mississippi,  north  of  the  thirty-first 
parallel. 

Tennessee  was  iulmitted  as  a  State  in  179G.  In  1798  Congress 
organized  the  Territory  of  Mississippi,  which  was  originally  a  small, 
rectangular  area,  bounded  on  the  west  by  the  Mississippi  River,  on  the 
north  by  a  parallel  through  the  mouth  of  the  Yazoo  River;  the  boandaiy 
on  the  east  was  the  river  Chattahoochee,  and  on  the  south  the  thirty- 
first  parallel  of  north  latitude.  This  area  was  subseijuently  enlarged 
so  as  to  include  the  whole  of  what  is  now  Mississippi  and  Alabama, 
with  the  exception  of  a  strip  along  the  (iulf  coast^  which  was  at  that 
time  claimed  by  Spain.  In  1817  the  Territory  was  divided,  and  the 
eastern  portion  was  made  into  Alabama  Territory.  Subseqaently  the 
two  Territories  were  admitted  as  States. 


LOUISIANA    AND   THE   TERRITORY   AilC^UIRED   FROM   MEXICO. 

The  Ijouisiana  purchase  was  ellected  in  1803.  In  1804  it  was  divided 
into  two  parts,  that  portion  which  now  ex)mi)rise8  the  State  of  Loui- 
siana being  organized  as  Orleans  Territory,  while  the  balance  remained 
as  the  Louisiana  Territory.  The  State  of  Lcmisiana,  comprising  most 
of  the  Territory  of  Orleans,  was  admitted  t^)  the  Tnion  in  1812,  and  in 
the  same  year  it  was  enlarged  by  the  addition  of  the  iK>rtiou  lying 
between  the  Mississippi  and  Pearl  rivers,  in  the  southeastern  part 
In  the  same  year  the  name  of  Louisiana  Territory  was  changed  to 
Missouri  Territory.  In  1819  Arkansaw  Territory  wjis  created,  and  in 
183(3  it  was  admitted  as  a  State. 

In  18li0  the  State  of  Missouri  was  formed  from  another  ix>rtion  of 
Missouri  Territory,  and  in  18^30  the  boundaries  of  this  State  were  en 
larged  to  their  present  limits.  In  1834,  as  was  stated  above,  that  por- 
tion of  this  Territory  lying  north  of  the  State  of  Missouri  and  east  of 
the  Missouri  and  White  Karth  rivers  was  attached  to  the  Territory  of 
Michigan.  In  1830  this  portion  was  transferred  from  the  Territory  of 
Michigan  to  the  Territory  of  Wisconsin.     In  1838  it  was  transferred  to 
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the  Territory  of  Iowa.  In  1845  the  State  of  Iowa  was  created,  and  in 
1846  its  boundaries  were  enlarged.  In  1849  the  remainder  of  the  Ter- 
ritory was  transferred  to  Minnesota  Territory.  Minnesota  was  ad- 
mitted as  a  State  on  May  11, 1858,  with  its  present  boandaries. 

Meantime  Texas  had  been  admitted  to  the  Union,  and  by  the  treaty 
of  Gnadalnpe-Hidalgo  and  the  Gadsden  purchase,  we  had  acquired 
from  Mexico  all  the  area  west  of  the  northern  part  of  Texas  and  south 
of  the  forty-second  parallel.  Furthermore,  our  northern  boundary  had 
been  established  on  the  forty-ninth  parallel  to  the  Pacific  Ocean. 

Out  of  this  great  western  region  were  carved  the  following  Territories : 

Oregon  Territory,  which  was  formed  in  1848,  and  which  extended  from 
the  parallel  of  49^  north  latitude  southward  to  latitude  42^,  and  from 
the  Pacific  Ocean  east  to  the  summit  of  the  Rocky  Mountains. 

California,  which  was  admitted  as  a  State  in  1849,  with  the  same  lim 
its  which  it  possesses  at  present. 

Utah  Territory,  which  was  formed  in  1850,  and  which  extended  from 
the  forty-second  parallel  southward  to  the  thirty-seventh,  and  from  the 
California  boundary  line  eastward  to  the  Bocky  Mountains. 

New  Mexico,  which  comprised  all  the  country  lying  south  of  Utah  to 
the  boundary  line  of  Texas  and  Mexico,  and  from  the  California  bound- 
ary eastward  to  the  boundary  of  Texas. 

Nebraska  Territory,  which  was  formed  from  Missouri  Territory  in 
1854.  It  comprised  the  country  from  the  forty-ninth  parallel  down  to 
the  fortieth  and  from  the  Missouri  and  White  Earth  Rivers  west  to  the 
sumniit  of  the  Rocky  Mountains. 

Eansits  Territory,  formed  by  the  same  act  as  the  last,  comprised  the 
country  lying  west  of  Missouri  to  the  boundary  of  New  Mexico  and 
Utah,  and  from  the  south  boundary  of  Nebraska  to  the  thirty-seventh 
parallel. 

Indian  Territory  then  had  its  present  limits. 

Washington  Territory  was  formed  in  1853  from  a  part  of  Oregon,  its 
southern  boundary  being  Columbia  River  and  the  parallel  of  40^  uortli 
latitude,  and  its  east  line  being  the  summit  of  the  Rocky  Mountains. 

Oregon  was  admitted  as  a  State  in  1857,  with  its  boundaries  as  at 
present  established.  The  portion  cut  oft*  from  Oregon  Territory  was 
placed  under  the  territorial  government  of  Washington. 

Dakota  Territory  was  formed  in  1861.  As  originally  formed  it  com- 
prised all  that  region  between  its  present  eastern  and  southern  bound- 
aries, while  its  western  boundary  was  the  summit  of  the  Rocky  Mount- 
ains. 

The  Territory  of  Nevada  was  organized  from  the  western  portion  of 
the  Territory  of  Utah  in  1861.  As  originally  constituted,  its  eastern 
line  was  the  meridian  of  thirty-nine  degrees  of  longitude  west  from 
Washington,  and  it«  southern  boundary  was  the  parallel  of  thirty-seven 
degrees  of  latitude.    It  was  admitted  as  a  State  in  1864,  its  eastern 
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boundary  being  made  the  thirty-eighth  degree  of  longitade  (approxi- 
mately the  one  hundred  and  fifteenth  degn»e  west  fix)m  Greenwich), 
while  its  soathern  boundary  remained  the  same.  In  1866,  by  act  o< 
Congress,  the  eastern  boundary  was  moved  one  degree  farther  to  the 
eastward,  placing  it  uik)u  the  thirty-seventh  degree  of  longitude  west 
from  Washington,  and  the  triangular  portion  contained  between  the 
former  southern  boundary,  the  boundary  of  California,  the  Ooloradc 
River  and  the  meridian  of  thirty-seven  degrees  of  longitude  was  added^ 
thus  giving  the  State  its  present  area  and  limits. 

Colorado  Territory  was  formed  in  1861,  with  the  limits  of  the  preeenl 
State.    It  was  admitted  as  a  State  in  1876. 

The  Teiritory  of  Arizona  was  formed  from  New  Mexico  in  1863,  bein^ 
that  portion  of  New  Mexico  lying  west  of  the  thirty-second  meridiaii 
west  of  Washington. 

In  the  same  year  Idaho  was  formed  from  parts  of  Dakota  and  Waah 
ington  Territories.  As  originally  constituted  it  included  all  the  terri 
tory  lying  east  of  the  present  eastern  limits  of  Oregon  and  Washing 
ton  Territory  to  the  twenty-seventh  degree  of  longitude  west  of  Wash 
ington,  the  latter  meridian  being  its  eastern  boundary.  Its  sonthen 
l)Oundary  was  the  northern  boundary  of  Colorado  and  Utah — ^tbat  is 
the  forty -first  and  forty-second  parallels  of  latitude 

From  this  Territory  was  detached,  in  1864,  the  Territory  of  Montana 
with  its  present  limits,  and  in  1868  the  Territory  of  Wyomin^r^  tbest 
several  changes  reducing  Idaho  to  its  present  dimensions. 


CHAPTER    111. 

THE    IJOUNDARY     KINKS    OF    TlIK    STATK8    ANT>    T»T5RRI 

TOlllKS. 

MAINE. 

The  first  charter  having  any  relation  to  the  territory  coiiiprisiiig  th 
present  State  of  Maine  is  that  granted  by  Henry  IV  of  France  to  Pierr 
du  Gast,  Sieur  de  Monts,  In  1603,  known  as  the  charter  of  Acadia,  whic" 
embraced  the  whole  of  North  America  between  the  fortieth  and  fortj 
sixth  degrees  of  north  latitude.  Under  this,  several  expeditions  wer 
made,  and  in  1G06  it  was  decided  to  make  a  permanent  settlement  at  Poi 
Royal,  now  Annapolis,  Nova  Scotia,  and  no  further  attempts  were  mad 
under  this  charter  to  plant  colonies  within  the  limits  of  tbe  )>re8ei 
State  of  Maine.     {Vide  Charters  and  Constitutions,  p.  771.) 

By  the  first  charter  of  Virginia  (tnde  Virginia,  j).  94),  g^ranted  b 
James  I,  in  1606,  the  lands  aXow^  Wi^  e^^^Voi  "^otWv  America  betwee 


GANNETT]  MATNK.  89 

the  tbirty-fonrth  and  forty-fifth  degrees  of  north  latitude  were  given  to 
two  companies,  to  one  of  which,  the  Plymouth  Company,  was  assigned 
that  part  of  North  America  including  the  coast  of  Now  England.  The 
first  colony  in  Maine  was  planted  on  the  peninsula  of  Sabine,  at  the 
mouth  of  Kennebec  River,  now  ilunnewell  Point,  on  August  19,  1607, 
O.  8.,  by  (fcorge  Popliam. 

James  I  in  1620  granted  a  charter  to  the  Plymouth  Company,  in  which 
may  be  found  the  following,  viz : 

Wee,  therefore  *  •  •  do  grant  ordain  and  establish  that  aU  that  Circuity  Gonti- 
aent,  Precincts  and  Limitt«  in  America  lying  and  being  in  Breadth  from  Fourty  De- 
grees of  Northerly  Latitude  from  the  Kqnnootial  Line,  to  Fourty  eight  Degrees  of  the 
said  Northerly  Latitude  and  in  length  by  aU  the  Breadth  aforesaid  throughout  the 
Maine  Lund  from  Sea  to  Sea — with  aU  the  Seas,  Riyers,  Islands,  Creekes,  Inletts,  Ports 
and  Haveus  within  the  Degrees,  Precincts  and  Llmitts  of  the  said  Latitude  and  Lon- 
gitude shall  be  the  Limitts,  and  Bounds,  and  Precincts  of  the  second  coUony — and  to 
the  end  that  the  said  Territoryes  may  hereafter  be  more  particularly  and  certainly 
known  and  distinguished,  our  WiU  and  Pleasure  is,  that  the  same  shall  from  hence- 
forth be  nominated,  termed  and  caUed  by  the  name  of  New  England  in  America. 

Under  this  grant,  given  in  1621,  the  Earl  of  Stirling  claimed  that  he 
was  entitled  to  land  on  the  coast  of  Maine  which  was  afterwards  granted 
to  the  Plymouth  Company,  and  by  direction  of  James  I  that  company 
issued  a  patent  to  William  Alexander,  Barl  of  Stirling, 

For  a  tract  of  the  main  land  of  New  England,  beginning  at  Saint  Croix  and  from 
thence  extending  along  the  sea-coast  to  Pemquid  and  the  river  Kennebeck.  ( Vide 
Charters  and  Constitutions,  p.  774.) 

The  heirs  of  the  Earl  of  Stirling  sold  this  tract  to  the  Duke  of  York 
in  1663.    ( Vide  Zell's  Encyclopedia.) 

In  1622  Capt.  John  Mason  and  Sir  Ferdinando  Gorges  obtained  from 
the  council  of  Plymouth  a  grant  of  the  lands  lying  between  the  Merri- 
mac  and  Kennebec  Rivers,  and  extending  back  to  the  river  and  lakes  of 
Canada.  This  tract  was  called  Laconia,  and  it  included  New  Hamp- 
shire and  all  the  western  part  of  Maine.  ( Vide  Whiton's  New  Hamp- 
shire.) 

Mason  and  Gorges,  in  1629,  by  mutual  consent  divided  their  territory 
into  two  by  the  river  Piscataqua.  That  part  on  the  east  of  this  river 
was  relinquished  to  Gorges,  who  called  it  Maine.  ( Vide  Whiton's  New 
Hampshire.) 

The  charter  of  the  Plymouth  Company  was  surrendered  to  the  King 
in  the  year  1635.     ( Vide  Plymouth  Colony  Laws,  p.  333  et  supra.) 

King  Charles  1,  in  the  year  1639,  granted  a  charter  to  Sir  Feriliuaudo 
Gorges,  which  virtually  confirmed  the  patent  given  to  him  by  the  Ply- 
mouth Company  in  1622. 

The  following  extract  from  that  charter  defines  the  boundaries : 

All  that  Parte  Purparts  and  Porcon  of  the  Mayno  Lande  of  New  England  aforesaid 
beginning  att  the  entrance  of  Pisoataway  Harbor  and  soe  to  passe  upp  the  same  into  the 
River  of  Newichewanooke  and  throngh  the  same  unto  the  farthest  heade  thereof  and 
from  thence  Northwestwards  tiU  one  hundred  and  twenty  mUes  bee  finished  and  from 
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Pimataway Harbor  moath  aforesaid  Northeaetwardg  along  the 8ea Coasts  to  Sagatlj 
bocke  and  up  the  River  thereof  to  Kyuybequy  River  and  throagh  the  sanie  into  the 
heade  thereof  and  into  the  Lande  Northwestwards  untill  one  hundred  and  twenty 
myles  bee  ended  being  accompted  from  the  mouth  of  Sagadahooke  and  from  the 
}ieriod  of  one  hundred  and  twenty  myles  aforesaid  to  crosse  over  Lande  to  the  one 
hundred  and  twenty  myles  end  formerly  reckoned  upp  into  the  Lande  from  Piseata- 
way  Harbor  through  Newichewanocke  River  and  also  the  Northe  halfe  of  the  Isles  bf 
dhoales  togeather  with  the  Isles  of  Capawock  and  Nawtioan  neere  Cape  Cod  as  alsoe 
all  the  Islands  and  Iletts  lyeinge  within  five  leagues  of  the  Mayne  all  alonge  the  afore- 
saide  coasts  betweene  the  aforesaid  River  of  Pascatawa.v  and  Sagadahocke  with  all  the 
Creeks  Havens  and  Harbors  thereunto  belonginge  and  the  Reveroon  and  Reyexeons 
Remaynder  and  Remay nders  of  all  ana  singular  the  said  Landes  Rivers  and  PremisMS. 
All  which  said  Part  Purpart  or  Porcon  of  the  Mayne  Lande  and  all  and  every  tiie 
Premisses  herein  before  named  Wee  Doe  for  us  our  heires  and  sucoeesore  create  and 
incorporate  into  One  Province  or  Countie,  and  Wee  Doe  name  ordeyne  and  appoynt 
that  the  porcon  of  the  Mayne  Lande  and  Premises  aforesaid  shall  forever  herefter  bee 
called  and  named  The  Province  or  Conntie  of  Mayue. 

lo  1664  Oharles  II  granted  to  the  Duke  of  York,  who,  the  year  before, 
had  parchased  the  territory,  which  had  been  awarded  to  the  Earl  of 
Stirling  in  the  division  of  the  country  to  his  heirs,  a  portion  of  the  pres- 
ent Stat«  of  Maine,  and  also  cert-iun  islands  on  the  coast,  and  a  large 
territory  west  of  the  Connecticut  River.  (For  the  boundaries  vide  New 
York,  p.  76  et  seq.) 

In  1674  Charles  II  made  a  new  grant  to  the  Duke  of  York,  in  sab- 
stantially  the  same  terms  as  that  of  1664,  including  as  before  a  |>ortion 
of  Maine.    (  Vide  New  York,  p.  77.) 

Ill  the  year  1677,  Ferdinando  Gk>rges,  a  grandson  of  Sir  Ferdinando 
Gorges  sold  and  gave  a  deed  of  the  province  of  Maine  to  John  Ushar,  a 
merchant,  of  Boston,  for  £1,250.  In  the  same  year,  Ushur  gave  a  deed  of 
the  same  territory  to  the  governor  and  company  of  Massachnsetts  Bay, 
who  had  received  a  grant  from  the  council  of  Plymouth  in  1628,  confirmed 
by  the  King  in  1629.     ( Vide  C.  &  C,  p.  774.) 

In  1686  Pemaqnid  and  its  dependencies,  forming  Cornwall  Ooanty, 
under  the  jurisdiction  of  Kew  York,  were  annexed  to  the  New  England 
government  by  a  royal  order,  dated  September  19,  1686.  (Vide  Maine 
Historical  Society  Collection,  vol.  5.) 

The  charter  of  Massachusetts  Bay  of  1629  having  be^n  canceled  in 
1684,  iu  1691  William  and  M^ary  granted  a  new  one,  incorporating  the 
provinces  of  Maine  and  Acadia,  or  Nova  Scotia,  with  the  colonies  of 
Massachusetts  Bay  and  of  Plymouth,  into  one  royal  province  by  the 
name  of  the  Royal  Province  of  Massachusetts  Bay.    ( Vide  Mass.,  p,  64.) 

The  right  of  government  thus  acquired  over  the  district  of  Maine 
was  exercised  by  Massachusetts  until  1819  when  measures  were  taken 
to  admit  Maine  as  an  independent  State. 

By  the  treaty  of  Paris  in  1763  the  King  of  France  relinquished  all 
claim  to  that  porfon  of  North  America  which  includes  the  present 
State  of  Maine. 
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Tlie  northern  and  eastern  boandaries  were  settled  by  the  United 
States  and  Great  Britain.    (See  p.lSjCt  seq). 

The  western  boandary  was  for  a  long  time  a  source  of  contention  be- 
i  ween  Maine  and  New  Hampshire. 

New  Hampshire  having  been  made  a  province  in  1679,  controversies 
arose  concerning  the  divisional  line. 

In  1731  commissioners  from  New  Hampshire  and  ^m  Massachusetts 
having  been  appointed,  met,  but  were  unable  to  agree.  New  Hampshire 
appealed  to  the  King,  and  the  King  ordered  that  a  settlement  should  be 
made  by  commissioners  from  the  neighboring  provinces.  The  board  met 
at  Hampton  in  1737.  The  commissioners  fixed  on — substantially — ^the 
present  boundary,  wording  their  report  as  follows: 

BegiDning  at  the  entrance  of  Pasoataqna  Harbor,  and  so  to  pass  ap  the  same  to  the 
River  Newhichawaek,  and  thro'  the  same  into  the  farthest  head  thereof,  and  thence 
run  north  2  degrees  west  till  120  miles  were  finished,  from  the  mouth  of  Pasoataqna 
Harbor,  or  nntil  it  meet  with  His  Mi^esty's  other  Governments.  (See  N.  H.  His- 
torical Coll.,  Vol.  II.) 

This  was  confirmed  by  the  Ejng,  August  5, 1740. 

In  1820  Maine  was  admitted,  as  an  independent  State. 

Difficulties  having  arisen  about  the  boundary  between  Maine  and 
New  Hampshire,  commissioners  were  appointed  in  1827  from  each  State 
to  determine  the  same. 

In  1829  the  commissioners'  report  was  adopted  by  em5h  State,  and 
the  line  then  settled  upon  is  as  follows,  using  the  language  of  the  com- 
missioners' report,  viz : 

The  report  of  the  commissioners  appointed  by  His  Majesty's  order  in  Council  of 
February  22nd,  1735,  and  confirmed  by  his  order  of  the  5th  of  August,  1740,  having 
established — 

''That  the  dividing  line  shall  pass  up  through  the  mouth  of  Piscataqua Harbor, 
and  up  the  middle  of  the  river  of  Newichwannock,part  of  which  is  now  caUed  the 
Salmons  Falls,  and  through  the  middle  of  the  same  to  the  farthest  head  thereof,  dto.,'' 
and  *'that  the  dividing  line  shall  part  the  Isle  of  SholeSy  and  run  through  the  middle 
of  the  harbor,  between  the  islands  to  the  sea  on  the  southerly  side,  &o."  We  have 
not  deemed  il  necessary  to  commence  our  survey  until  we  arrive<l  north,  at  the  head 
of  Salmon  Falls  River,  which  was  determined  by  Bryant,  at  his  survey  in  1740,  to  be 
At  the  outlet  of  East  pond,  between  the  towns  of  Wakefield  and  Shapleigh.  From  that 
point  we  have  surveyed  and  marked  the  line  as  follows,  viz : 

We  commenced  at  the  Bryant  Rock,  known  as  such  by  tradition,  whic^  is  a  rook 
in  the  middle  of  Salmon  Falls  River,  at  the  outlet  of  East  pond,  about  six  feet  in  length, 
three  feet  in  breadth,  three  feet  in  depth,  and  two  feet  under  the  surface  of  the  water, 
as  the  dam  was  at  the  time  of  the  survey,  to  wit,  October  1,  1827  ;  said  stone  bears 
Houth,  seventy -one  degrees  west,  three  rods  and  eight  links  from  a  large  rock  on  the 
oastem  bank,  marked  *'  1827,"  and  bears  also  from  a  rock  near  the  mill-<lam  (marked 
**  H")  north,  nineteen  degrees  and  thirty  minutes  west,  and  distant  twelve  rods  and 
twenty-one  links.  At  this  point  the  variation  of  the  needle  was  ascertained  to  be 
nine  degrees  west. 

From  the  above  stone  the  line  is  north  seven  degrees  and  forty-one  minutes  east, 
one  hundred  and  seventy-eight  rods  to  East  pond,  and  crossing  the  pond  three  hun- 
dred and  eleven  rods  in  width  to  a  stone  monument  which  we  erected  up  on  the  bank, 
about  three  and  an  half  feet  high  above  the  surfikce  of  the  ground,  marked  N  on  the 


42  BOUNDARIKS    OF    THE    UNITED    STATES.  [Eru^lTL 

wesx  Hide  and  M  od  the  east  dde,  which  deaoription  applies  to  all  the  atone  BMmii* 
luente  hereinafter  mentioned  anleea  they  are  otherwise  partionlariy  desoribed ;  thenee 
the  same  course,  two  hundred  and  twenty-five  rods,  to  Fox  Ridge,  and  to  m  time 
monnment  which  is  placed  npon  the  north  side  of  the  road  that  leads  ftom  Wakefield 
to  Shapleigh ;  thence  two  hundred  rods  to  Belch's  pond ;  across  the  pond,  one  hnn- 
dred  and  three  and  half  rods ;  across  a  peninsula,  thirty^six  rods ;  aoroeB  a  eore, 
fifty-one  rods  and  seventeen  links;  across  a  second  peninsula,  forty-eight  rods;  aeiom 
a  second  cove,  twenty-seven  rods,  ten  links. 

Thence  three  hundred  and  seventy  rods,  to  the  road  leading  from  Newfield  to  Wake- 
field and  a  stone  monument,  erected  on  the  north  side  of  the  same,  near  Gamper- 
nelVs house;  thence  north  six  degrees  and  ten  minutes  east,  five  hundred  and  ninetj 
rods,  to  the  line  of  Parsonfield,  to  a  stone  monument  with  additional  mark  "  18KL" 

At  this  point  the  variation  of  the  needle  was  found  to  be  nine  degrees  fifteen  min- 
ntes  west.  Thence  same  course  five  hundred  and  eleven  rods,  crossing  the  end  of 
Province  pond  to  a  stone  monument  on  the  Parsonfield  road,  near  the  honse  of  James 
Andrews,  also  with  additional  mark  **  1828  " ;  thence  north  eight  degrees  and  thirty- 
eight  minutes  east,  two  hundred  and  eight  rods,  to  the  old  comer-stone  of  Efflngfaam, 
about  two  feet  above  the  ground,  and  not  marked;  theuoe  north  eight  degrees  fifty- 
five  minntes  east,  two  hundred  and  seventy-seven  rods,  to  a  large  round  stone  abont 
three  feet  diameter  and  two  feet  high,  marked  N  and  M,  by  the  road  upon Towles hill; 
thence  north  seven  degrees  fifty -five  minutes  east,  six  hundred  and  thirty-one  rods  to 
a  stone  monument,  ou  the  road  leading  from  Parsonfield  to  EfiQugham.  At  this  point 
the  variation  of  the  needle  was  found  to  be  9  degrees  thirty  minntes  west.  Thencf 
north  five  degrees  two  minut'Cs  east,  seven  hundred  thirty-four  to  a  pine  stiUD|i. 
upon  a  small  island  in  Ossipee  River  at  the  foot  of  the  falls ;  thence  north  ten  de- 
grees east,  thirty  rods,  to  a  stone  monument,  on  the  north  side  of  the  new  road  firooi 
Porter  to  Effingham ;  thence  the  same  course,  five  hundred  fifty^eight  rods,  to  the  top 
of  Bald  Mountain ;  thence  same  course,  three  hundred  sixteen  rods,  to  the  top  of 
Bickford  Mountain ;  thence  same  course  one  hundred  and  ninety-three  rods,  to  a  stone 
monument,  on  the  north  side  of  the  road,  leading  from  Porter  to  Eaton. 

At  this  point  the  variation  of  the  needle  was  found  to  be  nine  degrees  forty-five 
minutes  west ;  thence  north  eight  degrees  five  minutes  east,  seven  hundred  and  fbiiy- 
four  rods,  to  Cragged  Mountain ;  theuoe  same  course,  sixty-seven  rods,  to  the  ooner 
of  Eaton ;  thence  same  course,  seven  hundred  eighty-seven  and  an  half  rods,  to  the 
comer  of  Conway ;  thence  same  course,  six  hundred  ten  and  an  half  rods,  to  a  stone 
monument,  ou  the  south  side  of  the  road,  leading  from  Brownfield  to  Conway  Center: 
thence  north  eight  degrees  east,  eight  hundred  seventy-one  rods,  to  a  stone  monnment 
on  the  south  side  of  the  road  leading  from  Fryeburg  Village  to  Conway.  At  this 
point  the  variation  of  the  needle  was  found  to  be  ten  degrees  west ;  thenoe  same 
course,  four  rods,  to  a  stone  monument  on  the  north  side  of  the  same  road ;  thenoe  north 
eight  degrees  fifteen  minut-es  east,  one  hundred  two  rods,  to  Saco  River ;  thenoe  same 
course,  eighteen  rods,  across  said  river ;  thence  same  conrHC,  six  hundred  forty-foor 
rods,  to  a  Htone  monument  on  the  road  leading  to  Fryeburg  Village,  on  the  north  side 
of  the  river. 

This  monument  is  marke<l  as  before  described,  and  is  about  eight  feet  high  above 
the  ground  ;  thence  same  course,  one  hundred  forty-two  rods,  to  Ballard's  Mill  Pond; 
then(M>  H»nie  course,  sixty-one  rods,  six  links,  across  said  pond ;  thence  same  oooTHe. 
three  hundred  forty- four  rods,  to  a  stone  monument  on  the  east  side  of  Chatham  road: 
thenco  same  course,  six  hundred  ninety  rods,  to  Kimball's  Pond ;  thence  same  conrse. 
one  hundred  sixty-six  rods,  across  said  pond ;  thence  same  course,  sixty  rods,  to  a  stone 
nionuuiont  on  the  meadow.^  Thence  same  course,  nine  hundred  forty  rods,  to  the  cor- 
ner of  Briidley  and  Eastman's  grant ;  thence  same  conrm^  six  hundred  and  ninety  rods, 
to  a  stone  monument  on  the  east  side  of  the  Cold  River  road.    This  stone  is  marked  as 


*From  this  point  the  line  was  resurveye<l  in  1858,  vide  p.  44. 
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before  described,  bnt  is  not  more  than  two  feet  aboye  the  groond.  Thence  same  conrso, 
one  thoosand  five  hundred  forty  rods,  to  the  comer  of  Warner  and  Oilman's  location,  a 
pile  of  stones.  At  this  point  the  variation  of  the  needle  was  found  to  be  ten  degreen 
twenty-three  minntes  west ;  thence  same  course,  four  hundred  and  fifty  rods,  to  to]i 
of  Mount  Royce ;  thence  same  course,  eight  hundred  ninety-eight  rods,  to  Wild  Bi  ver ; 
thence  same  course,  eight  rods,  across  said  river;  thence  same  course,  seven  hundred 
sixty-five  rods,  to  a  stone  monument  on  the  north  side  of  the  road  leading  from  Lan- 
caster to  Bethel ;  thence  same  course,  one  hundred  rods,  to  Androscoggin  Biver; 
thence  same  course,  eighteen  rods,  across  said  river ;  thence  north  eight  degrees  ten 
minutes  east,  four  thousand  one  hundred  sixty -two  rods,  across  ten  streams,  to  Chick- 
walnepg  River;  thence  same  course,  two  fhousand  five  hundred  rods,  to  a  stone 
monument  on  the  north  side  of  the  road  Iciading  from  Errol  to  Andover.  This  stone 
is  marked  ^'N.  H."  and  **  M./'  thence  same  course  two  hundred  ten  rods  to  Cambridge 
River,  thence  same  course  eight  rods  across  said  river,  thence  same  course  five  hun- 
dred sixty-seven  rods  to  Umbagog  Lake,  thence  same  course  thirty-four  rods  across  a 
cove  of  the  same,  thence  same  course  ten  rods  across  a  peninsula  of  the  same,  thence 
same  course  two  hundred  twenty-five  rods  across  a  bay  of  said  lake,  thence  same 
course  two  hundred  six  rods  across  a  peninsula  of  the  same,  thence  same  course  one 
thousand  one  hundred  sixty-five  rods  across  the  north  bay  of  said  lake  to  a  cedar  post 
marked  **  N.''  **  M. ,"  thence  north  eifsht  degrees  east  seven  hundred  fourteen  rods  to  Pond 
brook;  thence  same  course  two  hundred  twenty -five  rods  to  a  stone  monument  on  the 
south  side  of  the  Margallaway  Biver,  thence  same  course  ten  rods  across  said  river, 
thence  same  course  one  hundred  sixty-two  rods  to  a  spruce,  coruer  of  the  college 
grant,  thence  same  course  two  hundred  sixty-four  rods  to  Margallaway  River  a  second 
time.  At  this  point  the  variation  of  the  needle  was  found  to  be  eleven  degrees  forty- 
five  minutes  west ;  thence  same  course  ten  rods  across  said  river,  thence  same  course 
two  hundred  and  ninety  rods  to  same  river  a  third  time,  thence  same  course  ten  rods 
s&cross  said  river  to  a  monument  made  with  three  stones  on  the  north  side  of  said 
liver,  about  two  feet  high  and  not  marked,  thence  same  course  four  hundred  forty- 
four  rods  to  comer  of  township  number  five,  in  second  range,  in  Maine,  thence  same 
course  one  thousand  eight  hundred  six  rods  to  the  north  comer  of  the  same  township, 
thence  same  course  four  hundred  and  sixty  rods  to  a  branch  of  Little  Diamond  River, 
thence  same  course  three  hundred  fifty  rods  to  another  branch  of  the  same,  thence 
same  course  two  thousand  one  hundred  twenty  rods  to  a  branch  of  the  Margallaway 
River,  thence  same  course  three  hundred  thirty-two  rods  to  another  branch  of  the 
same,  thence  same  course  four  hundred  rods  to  a  steep  mountain  called  Prospect 
Hill,  thence  same  course  nine  hundred  and  twenty  rods  to  Mount  Carmel,  sometimes 
called  Sunday  Mountain,  thence  same  course  four  hundred  rods  to  a  perpendicular 
precipice,  thence  same  course  five  hundred  and  forty  rods  to  a  branch  of  Margalloway 
River,  thence  same  course  two  hundred  and  sixty  rods  to  a  branch  of  the  same,  thence 
same  course  three  hundred  forty-six  rods  to  a  second  steep  precipice,  thence  same 
course  one  hundred  eighty-six  rods  to  a  branch  of  Margallaway  River,  thence  same 
course  two  hundred  forty-two  rods  to  another  branch  of  same  river,  thence  same  course 
seventy -eight  rods  to  a  beaver  pond,  thence  same  course  one  hundred  twenty-six  rods 
to  a  yellow  birch  tree  on  the  highlands  which  divide  the  waters  that  run  south  from 
those  that  run  into  the  St.  Lawrence,  being  the  northern  extremity  of  the  line  and 
one  hundred  and  twelve  miles  two  hundred  and  thirty-three  rods  from  the  head  of 
Salmon  Falls  River. 

Found  said  tree  marked  on  the  east  side  ''M.  E.  1789,'^  and  on  the  west ''  N.  H.  N. 
E.;"  also  "M.  54."  To  these  marks  we  added  "  N.  H./'  **N.  E.,"  and  **M.  E.," 
*'1828,'"'E.  H.,"  *'A.  M.  M.,"  ''1828,"  and  stones  were  piled  round  the  same  and 
marked. 

The  whole  course  of  the  line  frt>m  the  Androscoggin  River  was  re-marked  by  spot- 
ting  the  old  marked  trees  and  croeting  the  spots  and  marking  others  in  the  course. 
And  the  line  as  above  survey  and  described  we  agree  to  be  the  true  boundary  Une  of 
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said  States.  And  the  above^lescribed  marks  and  monnments  we  establish  to  dostg- 
nate  the  samei  and  that  the  said  line  hereafter  remain  the  boundary  line  between  the 
States,  unless  the  legislature  of  either  State  shall,  at  the  first  seesion  after  the  execa< 
tion  of  this  agreement,  disapprove  of  the  same. 

WILLIAM  KINO, 
ROT^JS  McINTIEE, 

Commisaianen  of  Maime. 
ICHABOD  BARTLETT, 
JOHN  W.  WEEKS, 
Commi89ioner9  of  New  ffmmpohin, 
November  13,  1828. 

The  legislature  of  Maine  approved  of  the  commissioners'  report  Feb- 
ruary 28,  1829,  and  requested  the  governor  to  issue  his  proclamation 
accordingly. 

The  same  action  was  taken  by  the  legislature  of  New  Hampshire,  July 
1, 1829. 

(For  Report  of  Commissioners,  see  Laws  of  Maine,  I828-'9,  under 
head  of  Resolves  of  the  Ninth  Legislature  of  the  State  of  Maine,  pages 
39-43.) 

Between  1828  and  1858,  considerable  portions  of  the  aniost  unbroken 
forests  through  which  the  line  of  1827-'28  was  marked  were  cleared. 
Extensive  forest  fires  often  swept  large  tracts  of  this  territory,  and,  as 
a  consequence,  the  marks  of  the  1827-^8  survey  for  a  distance  of  nearly 
eighty  miles — which  by  that  survey  was  mainly  fixed  by  blazed  ti'ees, 
—only  seven  stone  posts  having  been  set  in  this  distance— were  obliter- 
ated, so  that  there  remained  scarcely  a  vestige  of  the  original  line.  The 
lands  having  become  valuable,  and  litigation  in  many  cases  being  immi- 
nent, the  legislatures  of  the  two  Stat4?8  in  1858  provided  by  enactment 
for  another  survey  from  Fryeburg  to  the  Canada  line — which  was  made 
the  same  year.    The  line  as  then  surveyed  is  as  follows,  viz : 

Commencing  at  an  iron  post*  8itiiat>ed  on  the  line  run  in  at'cordanoe  with  tbo 
"Treaty  of  Washington,  of  August  9,  1842,"  as  the  boundary  between  the  United 
States  and  the  province  of  Canada,  at  the  comers  of  tlie  St&tes  of  Maine  and  New 
Hampshire.  On  the  south  face  of  said  post  are  the  words  **  Albert  Smith,  U.S. 
Comssr." ;  on  the  north  face,  "  Lt.  Col.  I.  B.  B.  Eastconrt,  H.  B.  M.  Comssr." ;  on  the 
west  face,  "  Boundary,  Aug.  9,  1842";  on  the  east  face,  *'  Treaty  of  Washington."  To 
the  marks  are  added  on  the  southern  half  of  the  west  face,  *^  H.  O.  Kent."  A  large  flsft 
stone  was  placed  on  the  southern  face  of  the  monument  and  marked  "  185S — N.  H., 
Me.,"  on  either  side  of  a  line  cut  in  said  stone  bearing  the  direction  of  the  Staters 
line,  viz,  south,  R  degrees  west. 

From  this  point  the  line  is  south  8  dcgre«^s  west,  17  rods,  7  links  to  a  large  yellow 
birch  stub,  the  northern  terminus  of  the  former  survey  ;  thence  126  rods  to  a  beaver 
pond ;  thence  7  ^  rods  to  the  northwesterly  branch  of  the  Margallaway,  known  aa  Kent 
River  ;  thence  242  rods  to  another  branch  of  the  Margallaway  ;  thence  186  rods  to  a 
certain  steep  precipice  perpendicular  on  its  southern  face ;  thence  346  roda  to  a  branch 
of  the  Margallaway  River ;  thence  "^660  rods  to  another  branch  of  the  same  ;  thenoe  540 
rods  to  a  precipice,  the  southern  side  of  Mount  Abbott ;  thence  400  rods  to  the  aammit 


*The  position  of  this  post  is  given  in  Hitchcock's  Geological  Smrey  of  New 
i^bin,  BBfoUoWB,  t%  latitude,  45^  18'  2:)''.33  ;  longitude,  71^  5'  40'\5. 


GANNETT.]  MAINE.  45 

of  Monnt  Carmel ;  tbenoe  920  rods,  and  aoioes  foar  streams,  to  the  summit  of  Proepeot 

urn. 

On  this  distance  we  marked  a  yeUow  birch  tree  *'  H.  O.  Kent,  September  20, 1858,'' 
and  the  names  of  the  remainder  of  the  party ;  thence  400  rods  to  another  branch  of 
the  Margallaway ;  thence  332  rods  to  the  Little  Margallaway  River ;  thence  2,120  rods 
across  Bosebnck  Mountain  to  a  branch  of  said  river.  On  this  distance  at  the  north- 
west comer  of  township  No.  5,  range  3,  in  Maine,  we  marked  a  white  birch  tree,  *'N. 
H.  M.,''  and  on  its  north  and  south  sides,  "  IV,  III.''  Thirty  rods  from  the  summit  of 
Bosebnck  Mountain,  and  on  its  northern  slope,  wo  erected  a  stone  monument  marked 
'*N.  M.";  thence  350  rods  to  the  Little  Diamond  River  or  Abbott  Brook ;  thence  460 
rods  to  the  northwest  comer  of  township  No.  5,  rauge  2,  in  Maine.  On  this  distance 
we  found  an  ancient  yellow  birch  tree  marked  *^  17r^35,  M."  To  these  marks  we 
added  "  1858" ;  thence  1,806  rods  to  the  southwest  corner  of  the  same  township.  On 
this  distance,  at  the  northeast  comer  of  Dartmouth  College,  second  grant  in  N.  H., 
we  marked  a  large  yellow  birch  tree  *'Me.,  J.  M.  W.,  lr?58;  N.  H.,H.  O.  K.";  thence, 
and  across  an  open  bog,  444  rods  to  the  north  bank  of  the  Margallaway  River,  to  a 
white  maple  tree  marked  ''N.  H.  M.";  thence  10  rods  across  said  river  to  a  large 
pine  tree  marked  '*  M."  ''N.  H." ;  thence  and  across  a  second  open  bog  290  rods  to  the 
same  river  and  to  a  large  elm  stub;  thence  10  rods  across  said  river;  thence  264  rods  to 
a  spruce  post  marked  "  M."  **N.  H.",  **  W.  L.",  **  D.  C",  being  the  southeast  comer  of 
Dartmouth  College,  second  grant;  thenoe  162  rods  to  the  Margallaway  River;  thence 

10  rods  across  said  river  to  a  stone  monument  on  its  southerly  side,  standing  aboat  3 
feet  ubove  the  ground  and  marked  **  M."  '*  N.  H." ;  thence  to  the  original  line  tree 
uearpst  to  the  clearing  of  the  home  fann  of  Z.  F.  Darkee,  esq.  The  course  of  the  line 
the  entire  dietanae  from  the  iron  poet  at  the  national  boundary  to  this  point  bears  south 
eight  degrees  west ;  thence  across  said  clearing,  the  old  line  marks  being  gone,  south 

1 1  (legn^es  and  30  minutes  west,  168  rods,  to  the  old  crossed  trees  in  the  woods  south 
of  P(mm1  Brook  ;  thence  from  Pond  Brook  south  eight  degrees  west,  714  rods  to  the 
north  bog  of  Umbagog  Lake  and  to  a  oedar  tree  marked  ''M."  **N."  To  this  we 
added  "1858." 

On  this  distance  near  the  comer  of  Errol  and  Wentworth's  location,  which  is  a  ce- 
dar post  in  a  pile  of  stones,  we  marked  a  maple  tree  *'M.  1858,"  **  N.  H.  1858"; 
thence  south  ten  degrees  and  thirty  minutes  west  1,165  rods,  across  the  north  bay  of 
said  lak»  to  the  old  marked  trees  on  the  southern  shore ;  thence  south  eight  degrees 
west  206  rods  across  the  peninsula  to  a  cedar  tree  marked  '*M."  ^'N.  H."  A  large 
stone,  also,  on  the  lake  shore  was  marked  '*M,"  '^N.  H.";  thence  same  course  225 
rods,  across  a  bay  of  said  lake ;  thence  same  course  10  rods,  across  a  peninsula ;  thenoe 
same  course  34  rods  across  a  cove ;  thence  same  course  567  rods  to  Cambridge  River; 
thence  same  course  8  rods,  across  said  river  to  a  white  maple  stub ;  thence  same  course 
210  rods  to  a  stone  monument  on  the  north  side  of  the  road  leading  from  Andover, 
Me.,  to  Colebrook,  N,  H.;  thenoe  same  course  to  the  north  edge  of  the  burnt  land 
in  Grafton  and  Success ;  thence  south  11  degrees  west  across  ten  streams  and  the 
Chick walmpy  River,  or  Silver  Stream,  to  the  old  line  trees  bearing  the  crosses, 
easterly  of  the  south  end  of  Success  Pond ;  thence  on  the  same  course  south  10 
degrees  west  following  the  old  mark  to  an  ash  tree  bearing  the  original  cross, 
standing  a  few  rods  north  of  the  house  of  the  late  Daniel  Ingalls,  in  Shelbnme ; 
thence  south  11  degrees  west  to  a  stone  monument,  by  the  road  on  the  north  side 
of  the  Androscoggin  River,  and  to  the  north  bank  of  said  river,  the  whole  distance 
from  the  stone  monument  near  Umbagog  Lake  to  the  north  bank  of  the  Andro- 
Kcoggin  River,  being  6,662  rods;  thence  south  11  degrees  west  18  rods  across  said 
river ;  thenoe  same  course  100  rods,  crossing  thtf  track  of  the  Grand  Trunk  Railway 
to  a  stone  monument  on  the  north  side  of  the  road  leading  from  Lancaster,  N.  H.,  to 
Bethel,  Me  ;  thence  same  course,  765  rods  to  a  hemlock  tree  on  the  south  bank  of  Wild 
River ;  thence  south  66  degrees  30  minutes  west  34  rods  on  an  ofiiset  of  the  old  sur- 
vey along  said  south  bank  to  the  old  line  trees ;  thence  following  the  old  line  treea 
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Huutli  11  degrees  west,  passiDg  the  southeast  corner  of  Shelbume,  896  rods  to  the  top 
of  Monnt  Royce,  the  whole  distance  being  1,681  rods.  One  mile  north  of  the  Bnimiiit 
of  Monnt  Royce  we  marked  a  beech  tree  **  N.  H."  "  M./'  1858 ;  thenoe  to  a  large  atone 
marked  ''  N.  H.''  '*  Mi\" ;  thence  south  10  degrees  15  minutes  west  to  a  atone monih 
ment  on  the  cant  side  of  the  Cold  River  road.  On  thisdistanoe  at  the  foot  of  the  fint 
precipice  on  the  northern  face  of  Mount  Royce  a  white-birch  tree  was  marked  "1866." 
Further  on  uiid  east  of  a  bare  ledge  a  white-birch  tree  was  marked  "  1868,"  and  near 
it,  on  the  line,  a  pile  of  stones  was  erected.  At  the  first  clearing,  near  the  north  end 
of  a  stone  fence,  a  large  stone  was  marked  **  M.''  <*  N.  H." ;  thence  alon|$  a  stone  ftnes 
and  across  a  road  throngh  a  piece  of  new  growth  and  again  crossing  the  load ;  then 
following  another  stone  fence  on  the  east  side  of  the  road,  passing  throngh  a  field  and 
by  the  end  of  another  stone  fence ;  then  crossing  a  road  near  the  west  end  of  a  bridge 
over  Cold  River ;  then  following  the  valley  of  that  stream  and  crossing  it  six  ttmea; 
then  crossing  another  road,  where  we  placed  a  stone  monument ;  then  through  a  fiaU, 
striking  an  old  stump  and  pile  of  stones,  shown  as  the  old  line  and  passing  between 
a  honse  and  bam,  and  through  the  western  edge  of  a  grove  of  trees  to  the  stone  mon- 
ument near  the  house  of  Mr.  Eastman,  the  whole  distance  being  1,1M  rods;  theoee 
1,6J0  rods  to  a  stone  monument  standing  in  the  meadow  60  rods  north  of  the  nortk 
shore  of  Kimball's  pond,  in  Fryeburg. 

But  as  the  towns  of  Fryeburg  and  Stowe  have  erected  no  durable  monnmentontbe 
State's  line  at  their  respective  comers,  we  deemed  it  advisable,  under  onrinstmotioo^ 
to  proceed  so  far  south  as  at  least  to  pass  the  said  comer  and  to  complete  the  work  at 
some  well-defined  monument  of  the  old  survey. 

This  course  bore  from  the  monument  to  and  across  an  open  bay  sonth  12  degrees 
west ;  thence  on  the  old  trees  south  9  degrees  west  100  rods ;  thenoe  on  the  old  line 
sonth  10  degrees  30  minutes  west  to  a  stone  monument  erected  by  us  near  the  house  of 
Jonnet  Clay,  in  Chatham,  and  on  the  north  side  of  the  road  leading  from  Stowe  to 
Chatham  Comers;  said  monument  is  marked  '*M."  ''N.  H.''  1658;  thence  on  the  old 
line  south  11  degrees  west  to  the  road  leading  from  North  Fryeburg  to  Chatham,  at 
which  point  we  placed  a  stone  monument ;  thence  south  11  degrees  weat  to  the  north- 
west comer  of  Fryeburg,  beinii:  a  stake  in  a  pile  of  stones  in  a  piec«'  of  low  ground, 
southerly  of  the  house  of  Captain  Bryant,  and  to  the  old  monument,  60  rods  north  of 
Kimball's  pond.  On  the  bank  north  of  said  corner,  on  the  south  side  of  the  road^and 
near  Captain  Bryant's  house,  we  placed  a  stone  monument  marked  ''M."  ''N.  H. 
18r>H.'' 

The  different  courses  laid  dowD  in  the  foregoiiiff  report  are  the  bear- 
ings of  the  compass  in  1858  when  placed  on  the  line  established  in  1828. 
(See  Legislative  Journal  of  New  Hampshire,  1859,  pages  7G4-767.) 

In  1874  the  line  between  Maine  and  New  Hampshire  was  resarrejed 
and  marked.  ( Vide  Hitchcock's  Geology  of  New  Hampshire,  VoL  I,  p. 
173.) 


NEW    HAMPSHIRE. 


The  first  charter  of  Virginia,  granted  in  1600,  inchuled  the  territory  of 
the  present  State  of  New  Hampshire  {ride  [).  .'iS),  as  did  the  charter  of 
New  England,  granted  in  l(>20  (vide  p.  39),  and  the  grant  to  (Japt.  John 
Mason  and  Sir  Ferdinando  Gorges  of  1(>22  [vide  p.  39). 

The  president  and  council  of  New  FJngland  made  a  grant  to  Gapt. 
John  Mason  in  1629  as  follows,  viz: 
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All  that  part  of  the  maio  land  io  New  England  Iji'ing  t  pon  the  sea  coast,  beginning 
from  the  middle  part  of  Merrimack  Riyer,  and  from  the  nee  to  pra>ceed  northwards 
along  the  sea-coast  to  Piscataqua  River,  and  so  forwards  up  within  the  said  river  and 
to  the  fxirthest  head  thereof,  and  from  thence  northwest'^  ards  until  three  score  miles 
be  finished  Arom  the  first  entrance  of  Pisoataqna  River  and  also  from  Merrimack 
throngh  the  said  river  and  to  the  farthest  head  thereof,  and  so  forward  np  into  the  lands 
westward  nntil  three  score  miles  be  finished,  and  from  thence  to  cross  overland  to  the 
three  score  miles,  and  accompted  to  Pisoataqna  River,  together  with  all  islands  and 
islets  within  5  leagues  distance  of  the  premises  and  abutting  upon  the  same,  or  any 
part  or  parcel  thereof,  &c.,  *  *  •  which  said  portions  of  lands  *  *  *  the  said 
Capt.  John  Mason,  with  the  consent  of  the  president  and  council,  intends  to  name 
New  Hampshire,     •     •     • 

lu  1635  the  grant  of  1629  was  confirmed  by  »  supplementary  grant, 
of  which  the  following  is  an  extract,  viz: 

All  that  part  of  the  Mayn  Land  of  New  England  aforesaid,  beginning  from  the 
middle  part  of  Naumkeck  River,  and  from  thence  to  proceed  eastwards  along  the  Sea 
Coast  to  Capo  Anne,  and  round  about  the  same  to  Pischataway  Harbour,  and  soe  for- 
wards np  within  the  river  Newgewanacke,  and  to  the  furthest  head  of  t  he  said  River  and 
fironi  thence  northwestwards  till  sixty  miles  bee  finished,  from  the  first  entrance  of 
Pischataway  Harbor,  and  alsoe  from  Maumkecke  through  the  River  thereof  up  into 
the  land  wtist  sixty  miles,  from  which  period  to  cross  over  land  to  the  sixty  miles  end, 
accompteti  irum  Pischataway,  through  Newgewanacke  River  to  the  land  northwest 
aforesaid  ;  and  alsoe  all  that  the  South  Halfe  of  the  Ysles  of  Sholes,  all  which  lands, 
with  the  Consent  of  the  Connsell,  shall  from  henceforth  b«3  called  New-hampshyre. 
And  alHoe  ten  thousand  acres  more  of  land  on  the  southeast  part  of  Sagadihoo  at  the 
mouth  or  entrance  thereof — from  henceforth  to  bee  called  by  the  name  of  Massonia, 
Slc.     •     *     • 

After  the  death  of  Capt.  John  Mason  (in  December,  1635),  the  affairs 
of  the  colony  coming  into  bad  condition,  tbey  nought  the  protection  of 
iMassachuselts  in  1641  and  etgoyed  it  till  1675,  when  Robert  Mason,  a 
grandson  of  John  Mason,  obtained  a  royal  decree,  under  which,  in  1680, 
a  colonial  government  was  established.  Bat  no  charter  was  given  to 
the  colony,  and  its  government  was  only  continued  during  the  pleasure 
of  tlie  Kin^^  The  following  is  an  extract  from  the  commission,  or  de- 
cree, issued  by  the  King  in  1680: 

Province  of  New  Hampshire,  lying  and  extending  from  three  miles  northward  of 
Merrimack  River  or  any  part  thereof  into  ye  Province  of  Maine. 

In  the  year  1690  the  province  of  New  Hampshire  was  again  taken 
under  the  jurisdiction  of  Massachusetts  Bay,  but  was  again  separated 
in  1(>92. 

[For  a  history  of  the  boundary  between  New  Hampshire  and  Maine, 
vide  Maine,  p.  41.] 

The  controversy  already  referred  to  arising  between  the  provinces  of 
N^ew  Hampshire  and  Massachusetts  Bay  not  only  involved  the  settle- 
ment of  the  boundary  between  New  Hampshire  and  Maine,  >ut  also  that 
between  New  Hampshire  and  Massachusetts,  and,  as  before  stated  (vide 
Maine,  p.  41),  the  commissioners  appointed  by  the  two  provinces  hav- 
ing been  unable  to  agree.  New  Hampshire  appealed  to  the  King,  who 
Bull.  171 4 
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ordered  that  the  boundaries  shoald  be  settled  by  a  boaid  of  oommis- 
sioners  appointed  from  the  neighboring  colonies. 

The  bc^fd  met  at  Hampton  in  1737,  and  submitted  a  oonditional  de 
cision  to  the  King,  who  in  1740  declared  in  council  as  followa,  vis: 

That  the  northern  bonndary  of  the  provinoe  of  Maesachnsetts  be  a  wjinilar  oorYv 
line  pursning  the  coarse  of  the  Merrimao  RiTor,  at  three  miles  distanoe,  on  the  noiih 
side  thereof,  beginning  at  the  Atlantic  Ocean  and  ending  at  a  point  dne  north  of  Ptoa- 
tnoket  Falls,  and  a  straight  line  drawn  firom  thence,  dne  west,  tUl  it  meets  with  His 
Mi^esty's  other  Gk>yemments.    ( Vide  Vermont  State  Papers,  Slade,  p.  9.) 

New  Hampshire  claimed  her  southern  bonndary  to  be  a  line  dne  west 
from  a  point  on  the  sea  three  miles  north  of  the  month  of  Merrimac 
Biver.  Massachusetts  claimed  all  the  territory  three  miles  north  of  any 
part  of  Merrimac  Biver.  The  King's  decision  gave  to  New  HamxMhire, 
a  strip  of  territory  more  than  fifty  miles  in  length  and  of  varying  width, 
in  excess  of  that  which  she  claimed.  This  decree  of  the  Ejng  was  fbr- 
warded  to  Mr.  Belcher,  then  governor  of  both  the  provinces  of  New 
Hampshire  and  Massachusetts  Bay,  with  instructions  to  apply  to  the 
respective  assemblies  to  unite  in  making  the  necessary  provisions  ftr 
running  and  marl^ing  the  line  conformable  to  the  said  decree,  and  if 
either  assembly  refused,  the  other  was  to  proceed  ex  parte.  Massaebn- 
setts  Bay  declined  complying  with  this  requisition.  New  Hampahiie, 
therefore,  proceeded  alone  to  run  and  marl^  the  line. 

George  Mitchel  and  Bichard  Hazen  were  appointed  by  Belcher  to 
survey  and  mark  the  line.  Pursuant  to  this  authority,  in  the  month  <rf 
February,  1741,  Mitchel  ran  and  marked  the  line  from  the  sea-coast  about 
three  miles  north  of  the  month  of  the  Merrimac  Biver  to  a  point  about 
three  miles  north  of  Pawtucket  Falls,  and  Hazen,  in  the  month  of  Marofa 
following,  ran  and  marked  a  line  from  the  point,  three  miles  north  of 
Pawtucket  Falls,  across  the  Connecticut  Biver,  to  the  supposed  bound- 
ary line  of  New  York,  on  what  he  then  supposed  to  be  a  dne  west 
course  from  the  place  of  beginning.  He  was  instructed  by  Governor 
Belcher  to  allow  for  a  westerly  variation  of  the  needle  of  ten  degrees. 
( Vide  New  Hampshire  Journal  H.  B.,  1826.) 

Tlie  report  of  the  surveyors  has  not  been  preserved,  but  the  jonmal 
of  Hazen  has  been  found,  and  is  published  in  the  New  England  His- 
torical and  Geneaiogieal  Kegister,  July,  1879. 

Subsequent  investigation  has  proved  that  this  line  was  not  run  on  a 
due  west  course,  the  allowance  fbr  the  westerly  variation  of  the  needle 
being  quite  too  large,  throwing  the  line  north  of  west. 

This  mistake  seems  to  have  been  known  previous  to  the  Bevolntion. 
In  1774  calculations  were  made  by  George  Sproulo,  founded  upon  actual 
8urve.y8  and  accurate  astronomical  observations,  from  which  he  deter- 
mined tbat  Hazen's  line  was  so  far  north  of  west  as  to  lose  to  the  State 
of  New  Hampshire  quite  a  large  tract  of  land.  (  Vide  New  Hami)shire 
Journal  H.  B.,  1826.) 

In  1825  commissioners  were  appointed  by  the  States  of  New  Hamp- 
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shire  and  Massachusetts  to  ascertain,  ran,  and  mark  the  line  between 
the  two  States,  under  the  proceedings  of  which  New  Hampshire  asserted 
her  claim  to  a  due  west  line,  conformable  to  the  decree  of  1740,  it  being 
apparent  by  a  survey  made  by  the  commissioners  that  the  original  line 
was  north  of  west.  This  the  Massachusetts  commissioners  refused  to  do, 
alleging  that  they  were  only  emi)owered  to  ascertain  and  mark  the 
original  line. 

On  March  10,  1827,  the  legislature  passed  a  resolution  providing  for 
the  erection  of  durable  monuments  to  preserve  the  boundary  line 
between  the  States  of  Massachusetts  and  New  Hampshire,  as  the  same 
had  been  run  and  ascertained  by  the  commissioners,  and  monuments 
were  erected  accordingly.     ( Vide  Besolves  of  Massachusetts,  1827.) 

In  1885  the  joint  commission  appointed  by  the  States  of  New  Hamp- 
shire and  Massachusetts  re-ran  and  marked  the  curved  portion  of  the 
boundary,  following  the  course  of  Merrimac  River,  changing  it  only 
to  a  tritiing  extent.  This  commission  was,  however,  unable  to  agree 
upon  the  boundary  west  of  Pawtucket  Falls.  This  matter  dragge<l 
along  until  finally  in  1894  this  commission,  together  with  a  commission 
representing  Vermont,  agreed  to  maintain  the  Hazen  line,  and  this  line 
was  re-traced  and  remarked  from  Pawtucket  Falls  to  the  northwest 
corner  of  Massachusetts. 

Under  the  decree  of  the  King  of  1740  the  province  of  New  Hampshire 
claimed  jurisdiction  as  far  west  as  the  territory  of  Massachusetts  and 
Connecticut  extended,  thus  including  the  present  State  of  Vermont. 
New  York  claimed  all  the  country  west  of  the  Connecticut,  under  the 
(^barters  of  1664  and  1674  to  the  Duke  of  York.  A  bitter  controversv 
ensued.    The  following  papers  serve  to  throw  some  light  on  the  matter: 

Letter  from  the  Governor  of  New  Hampshire  to  the  Governor  of  New  York, 

Portsmouth,  November  17, 1749. 

*  *  *  I  think  it  my  duty  "  *  *  to  traDsmit  to  your  excellency  the  descrip- 
tion of  New  Hainpshireas  the  King  has  determined  it  in  the  words  of  my  commission. 

"  *  "  In  consequence  of  His  Majesty's  determination  of  the  boundaries  between 
New  Hampshire  and  MassachuHetts,  a  surveyor  and  proper  chainmen  were  appointed 
to  run  the  western  line  from  Smiles  north  of  Paa  tucket  Falls,  and  the  surveyor  upon 
oath  has  declared  that  it  strikes  Hudson's  River  about  80  poles  north  of  where 
Mohawk'H  River  comes  into  Hudson's  River. 

B.  WENTWORTH. 
(See  State  Papers  of  Vermont,  Slade,!,  page  10.) 

The  following  is  a  description  of  the  bounds  of  IJew  Hampshire  given 
to  Governor  Benning  Wentworth,  of  province  of  New  Hampshire,  by 
George  II,  July  3, 1741 : 

George  the  Second,  by  the  Grace  of  God,  of  Great  Britain,  France,  and  Ireland  King, 

Defender  of  the  Faith,  &,c. 

To  our  trusty  and  welUbeloved  Benning  WenUoorth,  esqr,,  greeting: 

Know  yon  that  we,  reposing  especial  trust  and  confidence  in  the  prudence,  courage, 
and  loyalty  of  you,  the  said  Benning  Wentworth,  out  of  our  espoQiaA.  ^iajc«6^  ^«t\»ve^ 
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knoiv ledge,  and  meer  motion,  have  thought  fit  to  conetitnte  and  appoint,  and  by 
these  preeents  do  constitnte  and  appoint  yon,  the  said  Benoing  Wentworth,  to  be  our 
governor  and  oomniander-in-chief  of  onr  provinoe  of  New  Hampshire,  within  onr  do- 
minions of  New  England  in  America,  honnded  on  the  south  side  by  a  similar  enrre 
line  pursuing  the  course  of  Merrimac  Biver  at  three  miles  distance,  on  the  north  side 
thereof  beginning  at  the  Atlantick  Ocean  and  ending  at  a  point  due  north  of  a  place 
called  Pan  tucket  Falls,  and  by  a  straight  line  drawn  from  thence  due  west  cross  the 
said  river  'till  it  meets  with  our  other  Goyemments.    •    •    • 

Given  at  Whitehall  July  the  3rd,  in  the  15th  year  of  His  M^esty's  reign. 

(See  Documentary  History  of  N.  York,  vol.  4,  page  331.) 

The  qaestion  of  the  right  of  territory  was  submitted  to  the  King,  who 
in  1764  made  the  following  decree : 

ORDER  m  0OI7NCIL  FIXIKO  THE    BOUNDARY  BBTWEXN  NEW  TORS  AND  NXW  OAMF- 

SHIRE. 

[L.  8.]  At  the  Court  at  St.  Jamxs, 

The  20th  day  of  July,  1764. 

Present :  The  King's  Most  Excellent  Mi^esty ;  Lord  Steward,  Earl  of  Sandwich, 
Earl  of  Halifax,  Earl  of  Fowls,  Earl  of  Hilsborough,  Mr.  Vice  Chamberlain  Gilbert 
Eliot,  Esqr.,  James  Oswald,  Esqr.,  Earl  of  Haroonrt. 

Whereas  there  was  this  day  read  at  the  Board  a  report  made  by  the  right  honora- 
ble the  lords  of  the  committee  of  council  for  plantation  affairs,  dated  the  17th  of  this 
instant,  upon  coDsidering  a  representation  from  the  lords  commissioners  for  trade  and 
plantations,  relative  to  the  disputes  that  have  some  years  subsisted  between  the  pror- 
inces  of  New  Hampshire  and  New  York,  concerning  the  boundary  line  between  those 
provinces,  His  Migesty,  taking  the  same  into  consideration,  was  pleased  with  the  ad- 
vice of  his  Privy  Council  to  approve  of  what  is  therein  proposed,  and  doth  aceordinglj 
hereby  order  and  declare  the  western  banks  of  the  river  Connecticut,  from  where  it 
enters  the  province  of  the  Massachusetts  Bay,  as  far  north  as  the  forty-fifth  degree  of 
northern  latitude,  to  be  the  boundary  line  between  the  said  two  provinces  of  New 
Hampshire  and  New  York.  Whereof  the  respective  governors  and  commanders  in 
chief  of  His  Majesty's  said  provinces  of  New  Hampshire  and  New  York  for  the  time 
being,  and  all  others  whom  it  may  concern,  are  to  take  notice  of  His  Majesty's  pleasure 
hereby  signified  and  govern  themselves  accordingly. 

WM.  BLAIR. 

( Vide  Documentary  History  of  New  York,  vol.  4,  p.  356.) 

Notwithstanding  this  decree  of  the  King,  controversy,  attended  with 
violence,  was  kept  up  for  many  years ;  but  the  line  was  finally  accepted 
and  now  forms  the  boundary  line  between  the  States  of  New  Hampshire 
and  Vermont. 

The  northern  boundary  of  New  Hampshire  was  settled  by  the  United 
States  and  Great  Britain.    ( F«fep.  ISet  seq.) 

It  is  as  follows,  viz : 

Commencing  at  the  ''  Crown  Monument,"  so  called,  at  the  intersection  of  the  State 
of  New  Hampshire,  Maine,  and  the  Province  of  Quebec,  in  latitude  45°  18*  :^'.33, 
longitude  71^  5'  40'^5,  thence  in  an  irregular  line  to  Hall's  Stream,  thence  down  the 
same  to  the  northeastern  comer  of  Vermont,  in  lati  nde45°  0'  17^'.58,  longitude Tl^S^ 
34".5.    (  Vide  Hitch.  Geology  of  New  Hampshire.) 
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VERMONT. 

Tile  ^auts  from  King  Henry,  of  France,  of  1603,  and  Eang  JameB, 
of  England,  of  1606,  both  included  that  territory  which  forms  the  pres- 
ent State  of  Vermont.  It  was  also  included  in  the  chaiter  of  New  Eng- 
land of  1620. 

In  the  grants  to  the  Dnke  of  York,  in  1664  and  1674,  all  the  territory 
between  the  Connecticut  and  Delaware  Bivers  was  included.  New 
York,  therefore,  claimed  jurisdiction  of  the  territory  now  known  as 
Vermont.  Massachusetts,  however,  at  an  early  period,  having  made 
claim  to  the  tract  west  of  the  Connecticut  Biver,  now  a  portion  of  that 
State,  by  the  interpretation  of  her  charter,  claimed  the  greater  pait  of 
the  same  territory.  By  the  terms  of  the  charter  of  Massachusetts  Bay, 
of  1629,  that  colony  was  granted  all  the  lands — 

Which  lye  and  be  within  the  space  of  Three  English  my  les  to  the  northward  of  the 
•aide  River  caUed  Monomack  alias  Merrymack,  or  to  the  norward  of  any  and  every 
Parte  thereof. 

Under  this  clause  Massachusetts  Bay  claimed  that  her  jurisdiction 
extended  3  miles  north  of  the  farthest  part  of  the  Merrimac  Biver, 
which  would  embrace  a  large  portion  of  New  Hampshire  and  Vermont. 
New  Hampshire  contested  this  claim,  and  after  several  years'  contro- 
versy was  more  than  sustained  by  a  decision  of  the  King  in  1740.  New 
Hampshire  in  her  turn  claimed  the  territory  of  Vermont,  on  the  ground 
that  Massachusetts  and  Connecticut,  having  been  allowed  to  extend 
their  boundaries  to  within  20  miles  of  the  Hudson  Biver,  her  western 
boundary  should  go  equally  as  far,  and  contended  that  the  King's  de- 
cree of  1740  left  that  fairly  to  be  inferred;  also,  that  the  old  charters  of 
1664  and  1674  were  obsolete. 

By  a  decree  of  the  King,  however,  the  territory  west  of  the  Connec- 
ticut Biver,  from  the  45th  parallel  of  north  latitude  to  the  Massachu- 
setts line,  was  declared  to  belong  to  the  province  of  New  York.  ( Vide 
New  Hampshire,  p.  50.) 

As  most  of  the  settlers  of  Vermont  were  firom  New  Hampshire,  this 
decision  of  the  Eang  caused  great  dissatisfaction,  and  the  Bevolution 
found  Vermont  the  scene  of  conflicting  claims,  and  the  theatre  of  violent 
acts,  culminating,  in  some  instances,  in  actual  bloodshed. 

On  January  15,  1777,  Vermont  declared  herself  independent  and 
laid  claim  to  the  territory  west  as  far  as  Hudson  Biver,  and  from  its 
source  north  to  the  international  boundary,  including  a  tract  along  the 
west  shore  of  Lake  Champlain.  A  part  of  New  Hampshire,  also,  at  one 
time,  sought  a  union  with  Vermont. 

In  1781  Massachusetts  assented  to  her  independence.  She  adjusted 
her  differences  with  New  Hampshire  in  1782,  but  eight  years  more 
passed  before  New  York  consented  to  her  admission  into  the  Union. 
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In  1791  YermoDt  was  admitted  as  an  independ<mt  State,  bin  wais  re 
qnired  to  restrict  her  boondaries  \o  their  present  extent. 

The  act  of  New  York,  of  March  6, 1790,  giving  her  consent  to  tiie  ad- 
mission of  Vermont,  delines  her  bonndaries.  {Vide  Slade's  Veniioiil» 
P.S07.) 

The  northern  boundary  was  settled  by  tiie  TTnited  States  and  Oreat 
Britain  by  the  treaty  of  Washington,  in  1842.    ( Vide  p.  1&) 

The  eastern  boundary  is  low- water  mark  on  the  west  bank  of  the 
Oonnecticnt  Biver.    ( Vide  New  Hampshire,  p.  50.) 

The  sonthem  boundary  was  settled  by  the  decree  of  1740.  ( Vide 
New  Hampshire,  p.  48.) 

The  line  between  Vermont  and  New  York  was  surveyed  and  marked 
by  commissioners  from  the  two  States  in  1814,  and  is  as  follows,  viz : 

Beg^ning  at  a  red  or  black  oak  tree,  the  northwest  corner  of  Maaaachnaettay  and 
riuming  north  82^  20^  weet  as  the  magnetic  needle,  pointed  in  1814,  50  ohaina,  to  a 
monument  erected  for  the  bod  th  west  comer  of  the  State  of  Vermont,  by  Smith  Thomp- 
■on,  Simon  De  Witt,  and  OeorgeTibbitta,  oommissionera  on  the  part  of  New  York,  and 
Joaeph  Beeman,  Jr.,  Henry  Olin,  and  Joel  Pratt  second,  commisaionerB  on  the  part  of 
the  State  of  Vermont,  which  monument  stands  on  the  brow  of  a  high  hill,  deaoending 
to  the  west,  then  northerly  in  a  straight  line  to  a  point  which  is  distant  10  ohaina,  on  a 
course,  south  35  degrees  west,  from  the  most  westerly  comer  of  a  lot  of  land  diatin- 
guished  in  the  records  of  the  town  of  Pownal,  io  the  State  of  Vermont,  aa  the  fifth 
di^iaion  of  the  right  of  (Gamaliel  Wallace,  and  which,  in  the  year  1814,  waa  owned 
and  occupied  by  Abraham  Vosborgh ;  then  north  35  degreea  eaat  to  aaid  comer  and 
along  the  westerly  bounds  of  said  lot,  30  chains  to  a  place  on  the  westerly  bank  of 
Haaick  River,  where  a  hemlock  tree  heretofore  stood,  noticed  in  said  reoorda  aa  the 
moat  northerly  comer  of  said  lot ;  then  north  1  degree  and  20  minutes  west,  6  chains 
to  a  monument  erected  by  the  said  commissioners,  standing  on  the  westerly  aide  of 
Haaick  River,  on  the  north  side  of  the  highway  leading  out  of  Hasick  into  Pownal, 
and  near  the  northwesterly  comer  of  the  bridge  crossing  said  river;  then  north  iP 
degrees  and  20  minutes  east,  30  chains,  throngh  the  bed  of  the  said  river,  to  a  large 
roundish  rock  on  the  northeasterly  bank  Uiereof ;  then  north  25  degrt>««  west, 
16  chains  and  70  links;  then  north  9  degrees  west,  18  chains  and  60  links,  to  a  w lute- 
oak  tree,  at  the  southwest  comer  of  the  land  oooapied  in  1814  by  Thomaa  Wilaey; 
then  north  11  degrees  east,  77  chains  to  the  north  side  of  a  highway,  where  it  is  met 
by  a  fence  dividing  the  possession  of  said  Thomas  Wilsey,  jr.,  and  Emery  Hunt ;  then 
north  46  degrees  east,  6  chains ;  then  south  66  degrees  east,  26  chains  and  25  links ; 
then  north  9  degrees  east,  27  chains  and  50  links  to  a  blue-slato  stone,  anoiently  set 
up  for  the  southwest  corner  of  Bennington ;  then  north  7  degrees  and  30  minn tea  east, 
46  milea  43  chains  and  50  links  to  a  bunch  of  hornbeam  saplings  on  the  aontb  bank  of 
Poultney  River,  the  northernmost  of  which  was  marked  by  said  last-mentioned  com- 
missioners, and  ftom  which  a  large  butternut  tree  bears  north  70  degrees  west,  30 
links,  a  large  hard  maple  tree,  south  2  chains  and  86  links,  and  a  white  ash  troe  on 
the  north  side  of  said  river,  north  77  degrees  east. 

Which  said  several  lines  from  the  monument  erected  for  the  southwest  oonier  of 
the  State  of  Vermont  were  established  by  said  last-mentioned  commiaaionera,  and 
were  run  by  them,  as  the  magnetic  needle  pointed,  in  the  year  1814,  then  down  the 
aaid  Poultney  River,  through  the  deepest  channel  thereof  to  East  Bay ;  then  through 
the  middle  of  the  deepest  channel  of  East  Bay  and  the  waters  thereof  to  where  1^ 
same  communicate  with  Lake  Champlain  ;  then  through  the  deepest  channel  of  Lake 
Champlain  to  the  eastward  of  the  islands  called  the  Fonr  Brothers,  and  the  westward 
efihe  ialandi  called  the  Qrand  Isle  and  Long  Isle,  or  the  Two  Heroes,  msxd  to  the  wea^ 
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ward  of  the  Isle  La  Motte  to  the  line  in  the  4Gth  degree  of  north  latitude,  established 
by  treaty  for  the  boundary  line  between  the  United  States  and  the  British  Dominions. 
(See  Revised  Statutes  of  New  York,  Banks  A,  Brothers,  sixth  edition.  Vol.  I,  pp. 
12S8-123.) 

This  line  was  changed  in  1876  by  a  cession  of  a  small  territory  from 
Vermont  to  New  York,  described  as  follows,  viz : 

All  that  portion  of  the  town  of  Fairhaven,  in  the  county  of  Rutland,  and  State  of 
Vermont,  lying  westerly  from  the  middle  of  the  deepest  channel  of  Poultney  River 
as  it  now  runs,  and  between  the  middle  of  the  deepest  channel  of  said  river  and  the 
west  line  of  the  State  of  Vermont  as  at  present  established.  (Ratified  by  Congress 
April  7, 1880.) 


MASSACHUSETTS. 

The  territory  of  Massachusetts  was  included  in  the  first  charter  of 
Yirginia,  granted  in  1606,  ( Vide  Virginia  p.,  M)  and  in  the  charter  of 
New  England,  granted  in  1620,  ( Vide  Maine  p.  39.) 

In  1628  the  council  of  Plymouth  made  a  grant  to  the  governor  and 
company  of  Massachusetts  Bay  in  New  England,  which  was  confirmed 
by  the  King,  and  a  charter  was  granted  in  1629,  of  which  the  following 
are  extracts : 

**  *  *  Nowe  Knowe  Yee,  that  Wee  •  •  *  haye  giyen  and  granted  •  •  • 
all  that  Parte  of  Newe  England  in  Amirica  which  lyes  and  extends  betweene  a  great 
River  there  commonlie  called  Monomack  Riyer,  alias  Merrimack  River,  and  a  certen 
other  River  there,  called  Charles  River,  being  in  the  Bottome  of  a  certen  Bay  there, 
comonlie  called  Massachusetts  alias  Mattachnsetts,  alias  Massatnsetts  Bay,  and  also 
all  and  singnler  those  Landes  and  Hereditament  whatsoever,  lying  within  the  Space 
of  Three  EnglisheMyleson  the  Sonth  Parte  of  the  said  Riyer  caUed  Charles  River,  or 
of  any  or  every  Parte  thereof.  And  also  all  and  singnler  the  Landes  and  Hereilita- 
ments  whatsoever,  lying  and  being  with  the  space  of  Three  Englishe  Miles  to  the 
southward  of  the  sonthermost  Parte  of  the  said  Baye,  called  Massachusetts,  alias  Matta- 
ohusetts,  alias  Massatusetts  Bay — and  also  aU  those  Lands  and  Hereditaments  what- 
soever, which  lye  and  be  within  the  space  of  Three  English  Myles  to  the  Northward 
of  the  saide  River,  called  Monomack,  alias  Merrymack,  or  to  the  Norward  of  any  and 
every  Parte  thereof  and  all  Landes  and  Hereditaments  whatsoever,  lyeing  within  the 
Lymitts  aforesaide.  North  and  Sonth,  in  Latitude  and  Bredth,  and  in  Length  and 
Longitude,  of  and  within  all  the  Bredth  aforesaide,  throughout  the  Mayne  Landes  there 
firom  the  Atlantick  and  Westeme  Sea  and  Ocean  on  the  East  Parte,  to  the  South  Sea 
on  the  West  Parte. 

*  *  *  Provided  alwayes,  That  yf  the  said  Landes  *  *  *  were  at  the  tyme  of 
the  graaniing  of  the  saide  former  Letters  patents,  dated  the  Third  Day  of  November, 
iu  the  Eighteenth  yeare  of  our  said  deare  Fathers  Raigne  aforesaide,  actnallie  possessed 
ur  inhabited  by  any  other  Christian  Prince  of  State,  or  were  within  the  Boundes 
Lyuiittsor  Tt^rri lories  of  that  Southern  Colony,  then  before  graunted  by  our  saide 
late  Father  •  *  •  That  then  this  present  Grannt  shall  not  extend  to  any  such 
parteB  or  parcells  thereof  •  •  •  but  at  to  those  partes  or  parcells  •  *  •  shal 
be  vtterlie  voyd,  theis  presents  or  any  Thinge  therein  oonteyned  to  the  contrario  not- 
wistanding     •     *     * 

The  charter  of  New  England  was  sorrendered  to  the  King  in  1635. 
( Vide  Plymonth  Oolony  Laws,  p.  333.) 
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The  cliarter  of  1629  was  canceled  by  a  jadgment  of  the  hi<rh  court 
of  chaDcery  of  Englaud,  June  18, 1684.    (Vide  C.  &  G.,  p.  942.) 

In  the  year  1686,  Pemaquid  and  its  dependencies  were  annexed  to  the 
New  England  government.    ( Vide  Maine,  p.  40.) 

In  1691  a  new  cliarter  was  granted  to  Massachusetts  Bay,  which  in- 
cluded Plymouth  Golony  and  the  Provinces  of  Maine  and  Nova  Scotia. 
The  following  are  extracts  fix>m  this  charter: 

*  *  *  Wee  *  *  *  do  wiU  and  oideyne  that  the  Territories  and  Collonyes 
Commonly  called  or  Known  by  the  names  of  the  CoUony  of  the  Maasachusetts  Bay 
and  CoUony  of  New  Plymouth  the  Provinoe  of  Main  the  Torritorie  called  Accadiaor 
Nova  Scotia  and  all  that  tract  of  Land  lying  betweeue  the  said  Territories  of  Nova 
Scotia  and  the  said  Province  of  Main  be  erected  Vnited  and  Incoq>orated  •  •  • 
into  one  reall  Province  by  the  Name  of  Oar  Province  of  the  Massachosetts  Bay  in  New 
England.    •    •    • 

AU  that  parte  of  New  England  in  America  lying  and  extending  from  the  greats 
River  comunly  called  Monomack  als  Merrimack  on  the  Northpart  and  from  three  MUes 
Northward  of  the  said  River  to  the  Atlantick  or  Westem  Sea  or  Ocean  on  the  South 
part  And  all  the  Lands  and  Hereditaments  whatsoever  lying  within  the  liniitts  afore- 
said and  extending  as  £eut  as  the  Outermost  Points  or  Promontories  of  Land  oaUed 
Cape  Cod  and  Cape  Mallabar  North  and  South  and  in  Latitude  Breadth  and  in 
Length  and  Longitude  of  and  within  aU  the  Breadth  and  Compass  aforesaid 
thronghout  the  Main  Land  there  from  the  said  Atlantick  or  Westem  Sea  and  Ocean 
on  the  East  parte  towards  the  South  Sea  or  Westward  as  far  as  Our  Collonyee  of 
Rhode  Island  Connecticutt  and  the  Narragansett  Conntrey  all  alsoe  all  that  part 
or  porCon  of  Main  Land  beginniog  at  the  Entrance  of  Pescataway  Harbour  and  soe 
to  pass  vpp  the  same  into  the  River  Newickewannock  and  through  the  same  into 
the  furthest  head  thereof  and  from  thence  Northwestward  till  One  Hundred  aud 
Twenty  miles  be  furnished  and  from  Piscataway  Harbour  mouth  aforesid  North-East- 
ward  along  the  Sea  Coast  to  Sagadehock  and  from  the  Period  uf  One  Hundred  and 
Twenty  Miles  aforesaid  to  crosse  over  Land  to  the  One  Hundred  and  Twenty  Miles  be- 
fore rockone<l  up  into  the  Land  from  Piscataway  Harbour  through  Newickawaunook 
River  aud  alsoe  the  North  halfe  of  the  Isles  and  Shoales  togatber  with  the  Isles  of  Cap- 
pawock  and  Nantukett  near  Cape  Cod  aforesaid  and  alsoe  [all]  Lands  and  Heredita- 
ments lying  and  being  in  the  Countrey  and  Territory  coffiouly  called  Accadia  or  Nova 
Scotia  And  all  those  Lands  aud  Hereditaments  lying  and  extending  betweeue  the  said 
Countrey  or  Territory  of  Nova  Scotia  and  the  said  River  of  Sagadahock  or  any  part 
thereof  And  all  Lands  Grounds  Places  Soiles  Woods  and  Wood  grounds  Havens  Ports 
Rivers  Waters  and  other  Hereditaments  and  premisses  whatsoever,  lying  within  the 
said  bounds  and  limitts  aforesaid  and  every  part  and  parcell  thereof  and  alsoe  all 
Islands  and  Isletts  lying  within  tenn  Leagues  directly  opposite  to  the  Main  Land 
within  the  said  bounds.    *    •    • 

(Vor  an  account  of  the  settlement  of  the  boundary  between  the  Dis- 
trict of  Maine,  formerly  a  part  of  Massachusetts,  see  Maine,  p.  41.) 

The  present  northern  boundary  of  Massachusetts  was  settled  in  1741. 
(For  history,  see  New  Hampshire,  p.  48.) 

The  boundary  line  between  Massachusetts  aud  Ehode  Island  was  for 
more  than  two  hundred  years  a  question  of  dispute,  and  was,  in  some 
respects,  the  most  remarkable  boundary  case  with  which  this  coantry 
has  had  to  do.  Twice  the  case  went  to  the  Supreme  Court  of  the  United 
States,  and  in  one  of  these  suits  Daniel  Webster  and  Bufus  Ohoate  were 
employed  as  counsel  for  "M.aBsac\\v\^<^t<'^ 
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As  early  as  1642  the  line  between  the  two  colonies  was  marked  in 
part  by  Nathaniel  Woodward  and  Solomon  Saffirey,  who  set  np  on  the 
plain  of  Wrentham  a  stake  as  the  commencement  of  the  line  between 
Massachusetts  Bay  and  Bhode  Island.  This  stake  was  by  them  sup- 
posed to  mark  a  point  3  miles  south  of  the  Charles  Biver. 

The  report  of  these  commissioners  has  not  been  found,  but  frequent 
reierence  is  made  to  their  survey  in  the  record  of  the  subsequent  con> 
troversies  and  litigations. 

In  171(M11  commissioners  appointed  from  Massachusetts  and  Bhode 
Island  agreed  upon  the  north  line  of  Bhode  Island.  The  action  of  the 
commissioners  was  approved  by  the  legislatures  of  both  colonies. 

The  agreement  was  as  follows,  viz : 

That  the  stake  set  up  by  Nathaniel  Woodward  and  Solomon  Saffirey,  akiUfal,  ap- 
proved artists,  in  the  year  of  oar  Lord  1642,  and  since  that  often  renewed  in  the  lati- 
tude of  41°  55',  being  3  English  miles  distant  southward  from  the  southernmost 
part  of  the  riyer  called  Charles  Biyer,  agreeable  to  the  letters  patent  for  the  Maesa- 
ohusetts  Province,  be  accounted  and  allowed  on  both  sides  the  commencement  of  the 
line  between  the  Massachusetts  and  the  colony  of  Bhode  Island,  from  which  said  stake 
the  dividing  line  shall  run,  so  as  it  may  (at  Connecticut  River)  be  2}  miles  to  the 
southward  of  a  due  west  line,  aUowing  the  variation  of  the  compass  to  be  9° ;  which 
said  line  shall  forever,  Ae,    (  Vide  Howard's  Reports,  S.  C,  Vol.  4,  p.  631,  ei  ssg.) 

In  1719  this  line  was  mn  by  commissioners  appointed  for  the  purpose. 
Subsequent  iuvestigation  has  shown  that  this  line  was  run  in  a  very 
irregular  manner.    ( Vide  B.  I.  Acts,  May,  1867,  page  6,  et  seq.) 

The  line  between  Massachusetts  and  the  eastern  part  of  Bhode  Island 
was  fixed  by  commissioners  in  1741,  from  the  decision  of  whom  the  col- 
ony of  Bhode  Island  appealed  to  the  King,  who,  in  the  year  1746,  affirmed 
their  decision  by  a  royal  decree. 

The  following  is  a  record  of  the  proceedings  in  council,  together  with 
the  royal  decree. 

fOoanon  Offloe.    Goanoil  Register.    Geo.  n,  No.  8,  p.  204.  J 

At  thr  Court  at  Kensington 

the^Qth  day  of  July  1742. 

Present.  The  Kings  Most  Exoellent  Msyesty,  Arclibp<^  of  CaDturbury,  Earl  of  Pem- 
broke, Lord  President  Earl  of  Wiuohelsea,  Lord  Privy  Seal  Earl  of  Grantham,  Dnke 
of  Bolton,  Earl  of  Cholmondelly,  Duke  of  Rutland,  Earl  of  Wilmington,  Marq*  of 
Tweedale,  Earl  of  Bath,  Visoo^  Lonsdale,  BCr.  Chancellor  of  the  £xche<',  Lord  Dela- 
ware, Sr  Charles  Wager,  Lord  Bathorst,  Sr.  William  Younge,  Lord  Monsore,  Sr  John 
Norris,  Mr  Speaker  Thomas  Winnington  Esq.,  Mr.  Vice  Chamberlin,  George  Wade 
Esq. 

Upon  reading  this  day  at  the  board  the  humble  Petetion  and  appeale  of  the  Gov- 
emor  and  company  of  the  English  of  Bhode  Island  and  Providence  Plantations  in 
New  England  in  America  fh>m  several  particular  parts  of  the  determination  of  the 
commissioners  appointed  by  his  Mi^eety  to  settle  the  Boundary's  of  the  said  colony 
Eastwards  with  the  Province  of  Massachusetts  Bay,  and  humbly  praying  that  a  day 
may  be  appointed  for  hearing  said  appeal,  and  that  the  {Murticular  parts  of  the  said 
oommissioners  determination  appealed  firom  may  be  reversed,  and  such  other  detei^ 
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mi  nation  made  instead  thereof  at  shall  be  agreeable  to  the  tme  constraction  of  the 
Bonndarys  contained  in  the  Royal  Charter  under  which  ^he  Petioners  olaim,  1%  ii 
ordered  by  his  Majesty  in  Council  that  the  said  Petition  and  appeal  (a  oopy  whsnat 
is  hereunto  annexed).  Be  and  it  is  hereby  referred  to  the  Right  Honorable  the  Lofd 
of  the  committee  of  council  for  hearing  appeals  from  the  Plantations  to  hear  the  same, 
and  report  their  opinion  thereupon  to  his  Majesty  at  the  Board. 
A  true  copy. 

I.  B.  LENNARD. 

Collated  with  the  original  entry  in  the  Council  Register,  18  Jan'y,  1845. 

ROBT.  LEMON. 

I  Council  Oflloe.    Goanea  Begistor.    Geo.  n,  No.  8  p.  ML) 

At  ths  Coubt  of  KmBmaomm, 

ihe  l&a  da$  afStfL  174S. 

Present,  The  Kings  most  Excellent  Majesty  Archbp  of  Cantnrbury,  Lord  Dehnar 
Lord  Chancellor,  Mr  Vice  Cbamberlin,  Duke  of  Richmond,  Mr.  Chancellor  of  the  Ex- 
chequer, Duke  of  Newcastle,  Harry  Pelham  Esq.  Earl  of  Winchelsea,  Thoniaa  Win- 
nington  Esq  Earl  of  Wilmington  George  Wade  Esq.  Lord  Cartaret. 

Upon  reading  this  day  at  the  Board  the  humble  Petition  and  appeale  of  His  Ma- 
jesty's Province  of  the  Massachusetts  Bay  iu  New  England  from  the  determiiuitloo 
of  the  commissioners  appointed  b;  His  Mf^esty  to  settle  the  Boundary  of  the  Colony 
of  Rhode  Island  Eastwards,  with  the  said  province  of  Mapsachusetts  Bay  and  hom- 
bly  praying  that  a  day  may  be  appointed  for  hearing  the  said  appeale  and  that  the 
determination  of  the  said  commissioners  may  be  reversed,  and  such  other  determina- 
tion made  instead  thereof  as  shall  be  agreeable  to  the  pt*  tioners  claim  exhibited 
before  the  said  commissioners— It  is  ordered  by  his  Majesty  iu  council  that  the  aaid 
petition  and  appeale  (a  copy  whereof  is  hereunto  annexed)  Be  and  it  is  hereby  referred 
to  the  Right  Honorable  the  Lordn  of  the  committee  in  conncil  for  hearing  appeal** 
from  the  Plantations  to  hear  the  same  and  report  their  opinion  thereupon  to  Mia  Ma- 
jesty at  the  Board. 

A  true  copy. 

I.  B.  LENNARD. 

Collated  with  the  ori«^inaI  entry  in  the  Council  Registry,  IB  of  Jan'y,  1645. 

ROBT.  LEMON. 

[Ordered  in  Conncil.  dated  28tb  May,  1746.    Connoil  office.    Conncil  Register.    Geo.  U,  No.  10,  pitflL] 

At  the  Court  of  Krnsinoton, 

ihe  '2tith  day  of  May  1746. 

Present  the  Kings  Most  Excellent  Majesty  iu  Conncil 

Upon  reading  at  the  Board  a  Report  from  the  Right  Honourable  the  Lord  of  the 
committee  of  council  for  hearing  appeals  from  the  Plantations  dated  the  11th  of  De- 
cember 1744  in  the  words  following  yizt. 

Tour  Majesty  having  been  pleased  by  Tour  Order  in  council  of  the  29th  of  July  1742 
to  refer  unto  this  committee  the  humble  petition  and  appeale  of  the  Gk>vfimor  and 
company  of  the  English  Colony  of  Rhode  Island  and  Providence  Plantations  in  New 
England  in  America,  from  several  particular  parts  of  the  determination  of  the  com- 
missioners appointed  by  your  Majesty  to  settle  the  Bonndarys  of  said  colony  eastwards 
with  the  Province  of  Massachusetts  Bay  and  humbly  praying  that  the  particolar  parts 
of  the  said  commissioners  determination  appealed  from  may  be  reversed,  and  sneh 
other  determinations  made  instead  thereof,  as  shall  be  agreeable  to  the  tme  oonstmc- 
tion  of  the  Bonndarys  continued  in  the  Royal  Charter  under  which  the  pelitioiis 
claim — and  your  Mi^esty  having  been  also  pleased  by  another  order  in  couooil  of 
the  15th  of  September  1742,  to  refer  unto  this  committee,  the  humble  Petition  and  ap- 
petd  of  your  Majesty's  Province  of  the  Massachusetts  Bay  in  New  England  parte  of 
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the  said  determiuationof  the  said  oommiasioners,  and  humbly  praying  that  the  aamt 
may  be  reversed  and  set  aside  and  that  instead  thereof  Tonr  MiO®^7  ^^  ^  ff^^ 
elonsly  pleased  to  give  sooh  Judgement  and  determinations  as  shall  be  agreeable  to 
the  petitioners  claim  exhibited  before  the  said  commissioners.  The  Lords  of  the 
committee  in  obedience  to  your  Majesty's  said  orders  of  Reference,  have  met  several 
times,  and  taken  both  the  said  Petitions  of  Appeale  into  their  consideration,  and  hav- 
ing examined  into  the  Proceedings  of  the  said  conmiissioners,  do  find  that  they  pro- 
nounced their  Judgements  or  determination  on  the  30th  of  June  1741  in  the  words  ibl- 
lowing : 

The  court  took  into  consideration,  the  charters,  Deeds  and  other  Evidences,  Claims 
Pleas  and  allegations  produced  and  made  by  party  refering  to  the  contioverpy  befbre 
them  and  after  mature  advisement,  came  to  the  following  Beeolutions:  That  there 
is  not  any  one  Evidence  proving  that  the  Water  between  the  Main  Land  on  the  East, 
and  Bhode  Island  on  the  West,  was  ever  at  any  time  called  Naraganaett  Biver, 
that  though  tbere  be  evidence  that  the  place  where  the  Indian  called  King  Philip 
lived  near  Bristol,  was  called  Pawconoket,  and  that  another  place  near  Swansey 
was  called  Sowams  or  Sowamsett,  yet  no  evidence  has  been  produced  of  the  extent  of 
the  Pawconoket  country  to  Seaconk,  or  Pawtucket  Biver,  as  it  runs  to  the  line  of  the 
late  Colony  of  the  Massachusetts  Bay,  for  tho'  there  be  some  evidence  that  the  In- 
dians at  enmity  with  S^ing  Philip,  or  with  other  Indians  in  enmity  with  him,  lived 
on  the  west  side  of  the  said  Biver,  and  that  the  Indians  subject  to  King  Philip,  or  in 
amity  with  him,  lived  on  the  East  side  of  the  said  Biver  there  is  no  Evidence  that 
all  the  Indians  subject  to,  or  in  amity  with  King  Philip,  lived  in  the  Pawconoket 
Country.  That  the  Province  not  having  produced  the  Letters  Patent,  constituting  the 
council  of  Plymouth,  nor  any  copy  thereof,  the  Becital  of  said  Letters  Patent  in  the 
deed  irom  the  council  of  Plymouth,  to  Bradford  and  his  associates,  is  not  sufficient 
evidence  against  the  Kings  Charter.  That  the  council  of  Plymouth  being  a  Corjtora- 
tion,  could  not  create  another  corporation,  and  that  no  Jurisdiction  within  the  Kings 
Dominions  in  America  can  be  held  by  Prescription  or  on  the  Foot  of  Prescription. 
That  tbo  determination  of  the  boundarys  of  the  colony's  of  Bhode  Island  and  New 
Plymouth  by  the  Kings  Commissioners  in  the  year  1664  appear  to  have  been  only  a  tem- 
porary order  for  preserving  the  Peace  on  the  Borders  of  both  Colonys  without  deter- 
mining the  Bights  and  Titles  of  either.  Upon  the  whole  nothing  appears  whereby  the 
Colony  of  Bhode  Island  and  Providence  plantations  can  be  barred  or  hindered  from  ex- 
tending their  Jurisdiction  Eastward  towards  the  Province  of  the  Massachusetts  Bay 
according  to  the  true  intents  and  meaning  of  their  charter.  But  some  dispute  having 
arisen  between  the  Partys  as  to  the  true  construction  and  meaning  thereof  the  court 
is  of  opinion.  That  the  Narragansett  Bay  is  and  extendeth  itself  from  Point  Judith  in 
the  west  to  Seaconet  Point  on  the  East  and  including  the  Islands  therein,  layeth  and 
extendeth  itself  unto  the  mouth  of  the  Biver  which  runnith  towards  the  town  of 
Providence  and  that  as  it  so  Ues  or  extends,  it  has  and  may  be  considered  as  having 
one  Eastern  Side  at  the  Eastern  coast  of ^the  said  Bay  runs  up  northerly  firom  Seoonets 
Point,— and  one  other  North  Eastern  Side  fh>m  near  Mount  Hope  to  Bullocks  Neck, 
as  the  said  Bay  runs  up  North  Westerly  towards  the  Town  of  Providence  and  that 
the  land  adjacent  to  the  said  North  Eastern  and  Eastern  Coasts  and  including  within 
the  following  lines  and  the  said  Bay  are  within  the  Jurisdiction  of  the  Colony  of 
Rhode  Island ;  Vizt  on  the  North  East  side  of  the  said  Bay— one  line  running  irom 
the  south  west  comer  of  Bullocks  Neck,  Northeast  three  Miles.  One  other  line  run- 
ning from  the  Northeast  extremity  of  the  said  line  until  it  be  terminated  by  a  line 
three  miles  Northeast  from  the  northeastemmost  part  of  the  Bay  on  the  west  side  of 
Rumstick  Neck,  and  one  other  line  fh>m  the  termination  of  the  west  line  to  the  Bay 
at  or  near  Towoset  Neck,  running  so  that  it  touch  the  North  East  extremity  of  a  line 
running  three  miles  North  East  from  the  North  East  comer  of  Bristol  Harbour,  and 
on  the  Eastern  side  of  the  said  Bay ;  One  line  fh>m  a  certain  point  on  the  Eastern 
aide  of  the  said  Bay  opposite  to  the  sonthemmott  part  of  the  Shawmuts  Neok«  and 
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four  hundred  and  forty  Rods  to  the  Soath wards  of  the  Month  of  Fall  River  mnning 
East  three  miles;  One  other  line  running  from  the  Easternmost  extremity  of  the  said 
line  till  it  he  terminated  hy  the  Easternmost  end  of  a  line  three  miles  East  from  the  East- 
ernmost part  of  a  cove  in  the  said  Bay  whioh  is  to  the  southward  of  Nawqoaket  and 
one  other  line  from  the  termination  of  the  last  line  to  the  sea,  running  on  such  course, 
as  to  he  three  miles  East  from  the  Easternmost  part  of  the  Bay  adjoining  to  Scitchu- 
west  on  Rhode  Island,  and  that  the  said  Distances  of  three  miles  East  and  Northeast, 
are  to  he  measured  fix>m  high  Water  Mark,  and  this  court  doth  hereby  settle,  adjust 
and  determine,  that  the  Eastern  Boundary  of  the  said  Colony  of  Rhode  Island  and 
Providence  Plantations,  towards  the  Massachusetts  Bay,  is,  shall  be  ftud  runs  from 
a  certain  Pointe  (where  a  Meridian  line  passing  through  Pawtuckets  FaUs,  outs 
the  South  Boundary  of  the  Colony  of  Massachusetts  Bay),  south  to  Pawtncketi 
Falls,  Then  southerly  along  the  eastward  side  of  Seaconk  River,  and  the  River 
whioh  runnith  towards  the  Town  of  Providence,  to  the  Southwest  oomer  of  BuUook^ 
Neck,  then  Northeast  three  miles ;  and  then  along  the  aforesaid  lines  running  at  three 
miles  distance  fix>m  the  Easternmost  parts  of  the  said  Bay  to  the  said  Bay,  at  or  near 
Towoset  Neck.  Then  as  the  said  Bay  runs  to  the  southernmost  point  of  Shawmuts 
Neck,  and  then  in  a  straight  line  to  the  aforesaid  point  opposite  to  the  said  Neck. 
Then  East  three  miles  and  then  along  the  aforesaid  lines,  running  at  three  miles  dis- 
tance from  the  Easternmost  parts  of  the  said  Bay,  to  the  sea.  All  which  lines  are  to 
be  run  by  making  the  proper  allowance  for  the  variation  of  the  Magnetic  Needle  from 
the  Meridian.  And  for  the  better  understanding  of  the  description  of  tiie  lines  before 
mentioned ;  the  Court  hath  caused  the  Boundary  lines  of  the  lands  a^aoent  to  the 
said  most  eastern  and  Northeastern  points  of  the  Said  Bay,  to  be  delineated  on  the 
Map  or  Plan  of  the  said  Bay  and  countries  adjacent  now  in  court,  and  the  same  are 
distinguished  on  the  said  Map  or  Plan,  by  A,  B,  C,  D,  £,  F,  G,  H. 

The  Lord  of  the  Committee  having  considered  the  whole  matter  and  heard  all 
partys  concerned  therein  by  their  Council  learned  in  the  Law,  Do  agree  humbly  to 
report  to  your  Mf^esty  as  their  opinion.  That  the  said  Judgment  or  determination  of 
the  said  Commissioners  should  be  afiftrmed,  and  both  the  Petitions  of  Appeal  there- 
from dismissed. 

His  Maiesty  this  day  took  the  said  Report  into  consideration  and  was  pleased  with 
the  advice  of  the  Privy  Council  to  approve  thereof,  and  to  order,  that  the  said  Judg- 
ment or  Determination  of  the  said  Comnmiissioners,  Be,  and  it  is  hereby  Affirmed  And 
both  the  said  Petitions  of  Appeal  therefrt)m  dismissed. 

Whereof  the  Governor  or  the  Commander  in  Chief  of  His  Mi^esty's  Province  of  the 
Massachusetts  Bay,  The  Governor  and  Company  of  the  colony  of  Rhode  Island  and 
Providence  Plantations  for  the  time  being,  and  all  others  whom  it  may  conoem,  an 
to  take  notice  and  govern  themselves  accordingly. 

A  true  Copy. 

I  B  LENNARD. 

Colated  with  the  Original  entry  in  the  Council  Register,  18  January,  1745. 

ROBT  LEMON. 

Under  the  foregoing  decree  the  line  was  ran  by  commissioners  ap- 
pointed for  the  purpose,  whose  report  was  as  follows,  viz : 

We,  the  subscribers,  appointed  commissioners  by  the  general  assembly  of  the  colony 
aforesaid,  to  mark  out  tho  bounds  of  said  colony  eastward  towards  the  province  of 
Massachusetts  Bay,  agreeable  to  His  Mf^esty's  royal  determination  in  council,  the 
28th  day  of  May,  1746,  did  in  pursuance  thereof,  on  the  second  day  of  December  last 
past,  meet  at  Pawtucket  Falls,  in  expectation  of  meeting  with  commisaionerB  that 
might  be  appointed  by  the  province  of  the  Massachusetts  Bay,  for  the  porpoae  afoie- 
said ;  and  after  having  there  tarried  till  the  afterpart  of  said  day,  and  no  oomnds- 
^onera  in  behalf  of  the  MadpTOvVnoe  tt^^^eaclug,  we  proceeded  to  run  a  dae  north  lint 
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from  Pawtucket  Falls  to  the  south  boundary  of  the  aforeeaid  province  of  the  Massa- 
chusetts Bay,  in  manner  following,  viz:  From  a  certain  point  on  the  southern  side  of 
Pawtucket  Falls,  where  we  erected  a  monument  of  stones,  with  a  stake  thereon,  we  run 
a  meridian  line  which  directly  passed  through  said  falls,  to  a  walnut  tree  on  the  north- 
erly side  of  said  falls ;  then  to  a  pitch  pine  tree ;  then  to  a  small  white  oak ;  then  io 
a  grey  oak  ;  then  to  a  small  bush ;  then  to  another  small  bush  with  stones  about  it; 
then  to  a  heap  of  stones  with  a  stake  thereon ;  then  to  a  black  oak  tree ;  then  to  an- 
other black  oak ;  then  to  a  small  pitch  pine ;  then  to  a  black  oak ;  then  to  a  large 
white  oak  near  the  river,  called  Abbot's  Ruu  ;  then  to  a  poplar  tree ;  then  to  a  heap 
of  stones  with  a  stake  thereon ;  then  to  a  large  rook  with  stones  thereon ;  then  to  a 
small  black  oak  tree;  then  to  a  walnut  tree ;  then  to  a  black  oak ;  then  to  divers 
other  marked  trees  in  the  said  course,  to  the  extremity  of  said  line ;  and  when  we 
came  near  the  termination  of  the  said  line  made  a  monument  of  stones,  there  being 
no  noted  south  boundary  of  the  said  province  near  the  said  line,  and  therefore,  for  the 
discovery  of  the  south  boundary  of  the  said  province,  upon  the  best  information  we 
could  obtain,  proceeded  to  Wrentham  Plain,  at  or  near  to  a  place  where  was  formerly 
erected  a  stake,  called  Woodward's  and  Saffery's  stake,  as  one  remarkable  south 
boundary  of  the  said  province,  and  from  thence  run  a  west  line,  making  an  allowance 
of  eight  degrees  and  a  half  as  the  west  variation  of  the  magnetic  needle  from  the  true 
meridian,  it  being  the  course  of  the  south  line  of  the  said  province,  according  to  their 
charter  (as  we  apprehended),  and  thei  we  extended  the  said  north  line  from  the 
aforesaid  monument  till  it  intersected  the  said  west  line,  and  upon  the  point  of  ite 
intersection  erected  a  monument  of  stones  with  a  stake  thereon,  as  the  northeast 
boundary  of  that  tract  of  land  commonly  called  the  Gore. 

Aft«r  which  we  proceeded  to  Bullock's  Neck,  and  on  the  southeast  comer  thereof 
erected  a  red  cedar  post,  marked  with  the  letters  J.  H.  C.  R.,  with  the  figure  of  an 
anchor  thereon,  and  from  thence  running  a  line  northeast  making  the  same  allowance 
for  the  variation  aforesaid,  to  a  black  oak  tree  marked  with  the  letters  O.  C.  C.  R., 
then  to  a  largo  white  oak  marked  with  the  letters  G.  B.  C.  R.,  then  to  a  white  oak 
post,  set  in  the  ground  with  a  heap  of  stones  around  it,  marked  with  the  letters  G.  W. 
C.R.,  with  the  figure  of  an  anchor  therecm,  being  three  miles  distant  from  Bullock's 
Neck  aforesaid. 

After  which  we  proceeded  to  the  northeastemmost  part  of  the  bay  on  the  west  side 
of  Rumstick  Neck,  and  from  a  point  where  a  locust  x>ost  was  erected,  run  a  line  three 
miles  northeast,  with  the  same  allowance  for  the  variation  and  at  the  extremity  of 
the  said  line  erected  a  monument  of  stones,  from  which  we  run  a  line  to  the  northeast 
extremity  of  that  line  drawn  from  the  southwest  corner  of  Bullock's  Neck  aforesaid, 
the  course  whereof  being  west  thirty-eight  degrees  north,  according  to  the  magnetic 
needle,  the  distance  of  nine  hundred  and  fifty-five  rods,  marking  trees  and  making 
other  boundaries  in  the  course  of  said  line.  After  which  we  proceeded  to  the  north- 
east comer  of  Bristol  Harbour,  and  fit>m  high-water  mark,  which  was  some  rods  dis- 
tant northeast  from  the  bridge  leading  to  Swanzey  Ferry,  we  ran  a  line  three  miles 
northeast,  still  making  the  same  allowance  for  the  variation,  and  at  the  extremity 
of  which  line  we  erected  a  monument  of  stones ;  then  we  ran  aline  fit>m  the  north- 
east extremity  of  the  line  drawn  fit>m  Rumstick  aforesaid,  the  course  whereof  being 
<)outh  twenty-five  degrees  east,  till  it  met  with  the  termination  of  the  line  drawn  from 
BriHtol  Harbour  aforesaid,  the  distance  whereof  being  niue  hundred  and  twenty-seven 
rods;  and  from  thence  to  a  straight  line  to  the  bay  at  Towoset  Neck,  making  proper 
boundaries  in  the  course  of  said  line. 

After  which  we  proceeded  to  the  eastern  side  of  the  Narragansett  Bay,  and  on  the 
•  asteramost  part  of  a  cove  in  the  said  bay,  which  is  southward  of  Nanequaohet,  ran  a 
lino  three  miles  east  (still  making  the  same  allowance  for  variation),  at  the  extremity 
w'lereof  we  marked  a  grey  oak  tree  with  the  letters  C.  R.,  with  the  figure  of  an  anchor 
♦'  ereon. 

After  which  we  proceeded  to  the  month  of  Fall  River,  and  from  thence  measured 
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four  hnndred  and  forty  rods  southerly  on  the  shore,  as  the  said  shoie  estendetli  itself 
firom  the  month  of  said  Fall  Biyer,  and  from  the  point  where  the  said  tofor  hnndied 
and  forty  rods  reaohed,  heing  east  thirty-five  degrees  sonthof  the  soathuminost  point 
of  Shawomet  Neek,  we  ran  a  line  three  miles  east,  with  the  same  allowanee  for  ihf 
▼ariation ;  in  the  coarse  whereof  we  marked  divers  trees,  and  came  to  a  large  pood, 
on  the  west  of  which  was  a  small  oak  between  two  large  rooks,  and  from  thenec* 
measured  over  the  said  x>ond  to  a  bnnch  of  maples,  two  whereof  we  maiked  witii  the 
letters  I  and  F,  standing  on  a  plaoe  called  Ralph's  Neck,  being  the  extramity  of  the 
said  three  miles ;  from  thenoe  we  ran  a  line  south  twenty  degrees  west,  two  thoaaaiid 
one  hundred  and  twenty-three  rods  (making  proper  boundaries  in  said  line),  till  we 
met  the  termination  of  the  three-mile  line,  ran  from  the  cove  south waid  of  Naneqna- 
dhet  aibresaid. 

After  whidh  we  proceeded  to  a  plaoe  called  Church's  Cove,  in  said  bay,  «nd  ran  a 
line  three  ndlea  east,  making  the  same  allowanoe  for  the  variation  afomaid,  and  at 
the  extremitj  whereof  and  near  the  sea,  we  erected  a  monument  of  stonea,  and  from 
tlMDce  ran  a  line  north  two  degrees  and  a  quarter  east,  one  thousand  and  nine  hun- 
dred and  forty-one  rods,  till  it  also  met  the  termination  of  the  said  line,  drawn  from 
the  flnt  nMntioned  cove  as  aforesaid,  making  proper  boundariea  in  the  coone  of  said 
Una. 

Tbe  afongofaig  is  a  Just  aeoount  of  oar  proceedings,  and  report  the  same  aocoid- 
in^. 

J.  HONETMAN,  Jb. 
GEOBGE  WANTON. 
GIDEON  COENELL. 
GEOBGE  BROWN. 
And  it  is  voted  and  resolved.  That  the  said  report  be,  and  it  is  hereby,  accepted  by 
this  assembly. 


In  the  year  1748  the  legislature  of  Bhode  Island  appointed  commis 
sionera  to  continae  the  line  to  the  Connecticut  corner,  recognizing  tbe 
Woodward  and  Saffirey  stake  as  the  place  of  beginning.  Massachnsetts 
fiEuled  to  appoint  commissioners,  whereupon  the  Ehode  Island  commis 
sioners  proceeded  to  complete  the  running  of  the  line.    In  their  report 

thqr  say— 

That  we  not  being  able  to  find  any  stake  or  other  monument  which  we  could  im* 
agfaie  set  up  by  Woodward  and  Saffirey,  but  considering  that  the  place  thereof  was 
described  in  the  agreement  mentioned  in  oar  commission,  by  certain  invariable  maiks, 
we  did  proceed  as  ibUoweth,  namely  :  We  found  a  place  where  Charles  River  formed 
a  large  ouRcnt  southerly,  which  plaoe  is  known  to  many  by  the  name  of  Pappatalish 
Fond,  whidh  we  took  to  be  the  southernmost  part  of  said  river,  from  the  southernmost 
part  of  which  we  measured  three  English  miles  south,  which  three  English  miles  did 
terminate  upon  a  plain  in  a  township  caUed  Wrentham.  (See  Howard's  Beports  8.  C, 
vol.  4,  page  632). 

From  this  point  they  ran  the  line.  From  this  time  forward  repeated 
steps  were  taken  by  Bhode  Island  by  resolutions,  and  by  appointment 
of  commissioners  at  different  times  to  ascertain  and  run  the  line, 
in  connection  with  commissioners  from  Massachusetts ;  commissionerH 
firom  both  colonies  met  more  than  once,  but  they  failed  to  agree  upon  a 
boundary  in  place  of  that  established  under  the  agreements  of  1711-^18. 
Bhode  Island  alleged  a  mistake  in  her  commissioners,  in  the  plaoe  of 
beginning  (that  is,  on  Wrentham  Plain),  as  the  ground  of  these  efforts. 

TbiB  oontroyenQT,  however,  embraced  the  entire  line  from  the  State  of 
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CoDDecticnt  to  the  Atlantic  Ocean.  Massachasetts  asserted  that  an 
encroachment  had  been  made  on  her  territory  from  Burnt  Swamp  Oomei 
to  the  ocean  by  Rhode  Island,  who,  on  her  part,  claimed  that  the  juris- 
dictional line  of  Massachusetts  from  said  comer  to  the  Oonnecticnt  line 
was,  in  its  whole  extent,  upon  the  territory  of  Rhode  Island.  The  legis- 
lat  ures  of  the  respective  States  having  failed,  after  repeated  effort,  to 
adjust  the  controversy,  Rhode  Island  in  1832,  by  a  bill  in  equity,  brought 
the  subject  of  the  northern  boundary,  from  Burnt  Swamp  Gomer  to  the 
Connecticut  line,  before  the  Supreme  Court  of  the  United  States,  which 
in  1846  decided  that  the  jurisdictional  line  claimed  by  Massachusetts 
was  the  legal  boundary  of  the  two  States  between  these  points. 

While  this  suit  was  i>ending  an  attempt  was  made  to  settle  the  long 
controversy  by  an  amicable  adjustment  of  the  whole  line  from  Connecti- 
cut to  the  ocean.  Commissioners  were  appointed  by  both  States  in  1844 
to  ascertain  and  mark  the  true  boundary  from  Pawtncket  Falls  to  Bul- 
lock Neck.  In  1845  the  same  commissioners  were  authorized  to  ascer- 
tain the  line  from  Burnt  Swamp  Comer  to  the  Atlantic  Ocean. 

In  1846,  the  equity  suit  having  been  decided,  they  were  authorized 
<^  to  erect  suitable  monuments  at  the  prominent  angles  of  the  line,  from 
the  Atlantic  Ocean  to  the  northwest  comer  of  Rhode  Island,  and  at  such 
other  points  on  the  line  as  may  subserve  the  public  convenience."  A 
majority  of  said  commissioners  agreed  upon  a  line  and  erected  monu- 
ments in  1847. 

The  report  of  the  joint  commission  was  dated  Boston,  January  13, 
1848. 

The  line  so  agreed  upon  as  a  boundary  between  Burnt  Swamp  Comer 
and  the  northwest  comer  of  Rhode  Island  was  a  straight  line,  varying 
a  little  from  the  irregular  jurisdictional  line  established  by  the  decision 
of  the  Supreme  Court,  and  is  described  in  the  joint  report  of  the  nuyority 
of  the  commissioners  of  January,  1848,  as  follows,  viz : 

Begin  at  the  northweet  comer  of  Rhode  liiftDd,  on  Conneetioat  line,  in  latitude  42^ 
W  ^'  north,  and  longitude  71^  4Sf  W  west  of  Greenwich,  thence  easterly  in  a  straight 
line  21.512  miles  to  Bnmt  Swamp  Comer,  in  Wrentham,  being  in  latitude  42^  01'  OS" 
and  longitude  71^  23'  13". 

Upon  this  line  were  placed  twenty-seven  monuments,  exclusive  of  that 
at  Burnt  Swamp  Comer. 

The  general  assembly  of  Bhode  Island,  in  May,  1847,  ratified  and 
established  the  line  from  the  ocean  to  the  Connecticut  line,  '<  to  take 
effect  and  become  binding  whenever  the  said  agreement  and  boundary 
line  should  be  ratified  by  the  State  of  Massachusetts."  The  legislature 
of  Massachusetts  did  not  ratify  the  said  agreement  and  boundary  line, 
but  proposed  another  joint  commission,  which  was  agreed  to. 

The  attempt  made  by  these  commissioners  to  settle  the  line  having 
failed,  Massachusetts  commenced  a  bill  in  equity  before  the  Supreme 
Court  of  the  United  States  for  an  a^ndication  of  the  boundary  line  from 
Burnt  Swamp  Comer  to  the  Atlan^c  Ocean. 
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In  18GCI  both  States  agreed  apon  a  oonventioiial  line,  and  asked  that 
a  decree  cif  the  United  States  Supreme  Court  should  oonfirm  the  same, 
which  prayer  was  granted,  and  the  line  was  thus  finally  established  by 
a  decree  rendered  in  the  December  term,  1861,  which  is  as  follows,  yiz: 

Beginning  at  Bomt  Swmmp  Comer  (so  caUed),  in  Wranihaniy  in  latitude  4SP  01'  06" 
north,  longitude  71^  23'  13"  west  of  Greenwich,  heing  the  northeasterly  comer  of 
Rhode  Island. 

Thence  in  a  straight  line  to  the  center  of  a  stone  monument  in  the  diviaicni  line, 
between  Attleborongh  and  Pawtncket,  on  the  easterly  bank  of  the  Blaekotnae  River, 
befaig  in  latitude  41°  53'  36"  north,  longitude  Tl^^  93f  U"  west. 

Thence  easterly,  by  the  northerly  line  of  the  town  of  Pawtncket,  to  a  point  when 
mid  line  intersects  the  highest  water  mark  on  the  easterly  side  of  Farmer'a  or  Seven 
Mile  River,  which  point  is  shown  on  accompanying  sheet  marked  ''A,"  and  designated 
as  "Bound  No.  1,"  being  in  Utitnde  41^  53^  54"  north,  longitude  71°  ^O*  W  weak 

From  Bound  No.  1  the  line  runs  southerly,  following  the  highest  water  mai^  oa 
the  easterly  side  of  Farmer's  or  Seyen  Mile  Riyer,  as  designated  in  said  sheet  marked 
"A,"  to  its  Junction  with  the  highest  water  mark  on  the  southerly  and  easterly  side  ot 
Ten  Mile  River,  at  a  point  designated  as  '*  Bound  No.  3." 

From  Bound  No.  3  the  line  runs  southerly,  following  the  highest  water  mark  on  the 
rtoutherly  and  easterly  side  of  said  Ten  Mile  River,  as  shown  on  sheet  marked  ''A,"  te 
a  point  designated  as  **  Bound  No.  13,"  said  last  point  being  at  the  most  southertj 
liend  of  Ten  Mile  River  in  said  line  of  highest  water  mark. 

The  line  of  *' highest  water  mark"  as  shown  on  sheet  A  is  defined  by  olbets  it 
right  angles  to  straight  lines  shown  on  said  plan  in  blue  ink,  from  Bound  Ko.  1,  and 
passing  through  points  designated  as  bounds  numbered  2  to  13,  inolasiTS. 

From  Bound  No.  13  the  line  runs  southeasterly,  being  a  straight  line  to  the  center 
f>f  a  stone  pier  in  the  middle  of  Rnnnin's  River,  on  the  north  side  of  the  road  leading 
by  Luther's  store. 

Thence  tbroagh  the  center  or  middle  of  said  Runnings  River  as  the  same  is  at  low 
water  at  a  point  when  such  line  intersects  the  dividing  line  between  Harrington  and 
Seekonk.  being  in  latitude  41°  46'  28",  longitude  71^  19'  23". 

Thence  north eaAterly,  following  the  dividing  line  between  Barrington  and  See- 
konk,  to  a  point  at  the  northerly  extremity  of  the  dividing  lino  between  Barringtoo 
and  Swanzey,  in  latitude  41°  36'  34",  longitude  71°  19'  30". 

Thence  in  a  straight  line  southeasterly  to  the  center  of  a  copper  holt  in  King^ 
Itock,  so  calle<l  and  well  known,  near  an  ancient  monument  on  said  King's  Rock,  ht- 
ing  on  the  west  side  of  the  road  leading  from  Warren  to  Swanzey.  This  point  is  m 
latitude  4F  45'  22".98,  longitude  71°  16'  35".75. 

From  King's  Rock  the  lino  follows  the  dividing  line  between  Warren  and  Swanny 
t4)  Mount  Hope  Bay,  running  in  a  straight  line  southeasterly  to  a  point  on  the  Birch 
8wamp  Farm,  in  latitude  41°  45'  08",  longitude  71°  15'  58".5. 

Thonco  in  »  Htraiglit  line  to  Mount  Hope  Bay,  passing  through  the  center  of  acopp« 
Imlt  in  a  bowlder,  in  line  of  extreme  high  water  at  Toweset,to  low-water  lino  of  Mid 
bay.     This  bolt  \h  in  latitude  41^  42'  4V'.27,  longitude  71<^  13'  54".70. 

From  TowftH^^t  the  lino  runs  Routheaflterly,  crossing  Mount  Hopo  Bay,  to  the  westerly 
ond  of  lino  dividing  Fall  River  and  Tivorton,  wht-iv  the  .sanio  intor8tH*tR  low-water 
line  of  Raid  Mount  Hope  Bay. 

Thence  oaHtorly,  following  said  dividing  line  betwoou  Fall  River  and  Tiverton,  pa8^ 
ing  through  the  middle  of  a  town  way  on  the  north  hu\o  of  farm  belonging  to  JobD 
Chase,  and  through  the  southerly  end  of  OooI'h  Pond,  in  a  line  pasaing  thnnigh  tbf 
middle  of  a  highway,  eight  rods  wide. 

Thence  running  southerly  through  the  cent  or  of  said  eight-rod  highway  to  apoiut 
in  lino  with  tho  Htono  wall  on  northerly  siil^  of  farm  of  Kdmund  £ates.  This  wall  i» 
nHf«toriyoC  the  StalVonl  rojul  (so  calltMl.) 
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Thence  rimniDg  easterly  in  line  with  said  wall  to  a  point  in  line  of  highest  watei 
mark  on  the  westerly  shore  of  Sonth  WatnppaPond,  which  point  is  shown  on  aooom- 
panying  sheet  marked  ''B,"  and  designated  as  **  Bound  A." 

From  Bound  A  the  line  runs  southerly,  following  the  highest  water  mark  on 
westerly  side  of  South  Watuppa  Pond,  and  of  Sawdy  Pond,  and  of  the  streams  con- 
necting said  ponds,  as  shown  on  said  sheet  marked  **  B/'  to  a  point  designated  as 
"  Bound  F,"  said  last  point  heing  at  the  most  southerly  end  of  Sawdy  Pond  in  said  line 
of  highest  water  mark. 

The  line  of  << highest  water  mark"  as  shown  on  sheet  B  is  defined  by  offsets 
at  right  angles  to  straight  lines  from  Bound  A,  and  passing  respeotiyely  through 
points  designated  «  B ''  to  **  F/'  inclusiye,  and  on  the  South  Watuppa  Pond  is  also 
the  line  that  would  be  traced  by  a  leyel  thirteen  inches  aboye  a  bolt  in  stone  work 
on  westerly  side  of  waterway  in  gate-house  of  reseryoir  dam  of  Watuppa  Beseryoir 
Company,  Queqoechan  Biyer.  On  Sawdy  Pond  the  highest  water  mark  is  the  line 
that  would  be  traced  by  the  leyel  of  an  iron  bolt  driyen  in  west  side  of  flume  to  saw- 
mill at  northerly  end  of  said  Sawdy  Pond. 

From  Bound  F  the  line  runs  southeasterly,  being  a  straight  line  to  the  monu- 
ment known  as  "  Joe  Sanford's  bound,"  being  the  center  of  a  copper  bolt  in  stone  on 
land  of  Joseph  Tripp,  and  is  in  latitude  41^  35'  37''  longitude  71°  08'  13". 

From  Joe  Sanford's  bound  the  line  runs  southerly,  following  the  westerly  line  of  the 
town  of  Westport  to  the  Atlantic  Ocean,  passing  easterly  of  Quicksand  Pond  through 
the  center  of  a  bound  known  as  Peaked  Bock,  situated  in  latitude  41^  29^  58",  longi- 
tude 710  07'  34". 

The  first  point  in  this  line  southerly  of  Sanford's  bound  is  on  the  north  side  of  mill- 
dam  at  Adamsyille,  85.58  feet  easterly  of  straight  line  fix>m  Sanford's  to  Peaked  Book. 

The  second  is  113.94  feet  easterly  of  said  straight  line,  and  is  on  the  easterly  side  of 
road  leading  from  Adamsyille  to  the  ocean.  ^ 

The  third  is  234.48  feet  east  of  said  straight  line,  on  the  road  leading  to  Little  Comp- 
ton,  by  Philip  Simmons'  house. 

The  whole  of  the  line  thus  described  is  shown  on  a  plan  herewith  preesnied,  which, 
with  Sketches  A  and  B,  is  made  a  part  of  this  report  and  attested. 

It  will  be  observed  that  the  above  decree  of  the  United  States  Sa- 
preme  Court  makes  no  reference  to  the  line  from  Burnt  Swamp  Oorner 
to  the  Oonnecticnt  line. 

It  wiU  also  be  remembered  (vide  p.  61)  that  the  ^^  line  of  1848^"  so 
oalledy  was  ratified  by  Rhode  Island  and  rejected  by  Massachusetts. 
In  1865  the  legislature  of  Massachusetts  took  action  in  regard  to  this 
portion  of  the  line,  as  follows,  viz : 

Smolvedf  That  the  boundary  Une  between  the  State  of  Bhode  Island  and  the  Com- 
monwealth of  Massachusetts,'  fh>m  the  line  of  the  State  of  Connectiout  to  Burnt 
Swamp  Comer,  begins  at  the  northwest  comer  of  the  State  of  Bhode  Island  on  the 
Connecticut  line,  in  latitude  439  W  29"  north,  and  longitude  74^  48'  18''  west  of  Green- 
wich,' and  runs  in  a  straight  line  21  add  AM>  miles  to  Burnt  Swamp  Comer,  in 
Wrentham,  being  in  latitude  4SP  V  8"  and  longitude  7F  23'  13". 

This  is  the  Une  agreed  upon  by  the  commissioners,  called  the  ^^  line 
of  1848,"  ratified  at  the  time  by  Bhode  Island,  but  rejected  by  Massa- 
chusetts. 

The  tardy  ratification  of  the  line  by  Massachusetts  was,  in  its  turn, 


'This  is  a  derioal  enor.     ^'Longitiide  74^48'  18'"'  should  read  << longitude 7i<>  48 
10'."    ( Fide  Borden's  Tobias,  p.  64). 
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rcijected  by  Khode  Island,  on  the  ground  that  the  then  recent  settle- 
ment of  the  eastern  boundary  by  the  decree  of  the  Supreme  Court  had 
so  changed  the  aspect  of  the  controversy  that  she  could  not  consent  to 
the  adoption  of  the  line  of  1848  as  her  northern  boundary. 

Thus  the  northern  boundary  of  Bhode  Island  was  leA  in  abeyance, 
or  rather  left  in  the  condition  prescribed  by  the  decision  of  1846. 

In  June,  1880,  the  legislature  of  Ehode  Island  passed  a  resolution  to 
remove  the  monuments  of  the  '^  line  of  1848  "  and  erect  monuments  on 
the  jurisdictional  line. 

In  1881  the  legislature  of  Massachusetts  took  like  action. 

This  jurisdictional  line  has  the  same  termini  as  the  line  of  1848,  but 
is  a  very  irregular  line,  sometimes  running  north  of  a  direct  line  and 
sometimes  falling  south  of  it  [the  extreme  variations  being  529.3  feet 
north  of  the  line  of  1848,  and  129  feet  south  of  the  same.]  A  full  and  de- 
tailed description  may  be  found  in  Bhode  Island  acts.  May,  1867,  p.  6 
et  seq. 

Also,  vide  Senate  Document  No.  14,  Massachusetts,  1848,  for  a  fbO 
account  of  this  controversy. 

In  1713,  commissioners  firom  the  Province  of  Massachusetts  Bay  and 
Ck)lony  of  Oonnecticut  settled  a  line  between  Massachusetts  and  Oon- 
necticut. 

By  this  line  certain  northern  frontier  towns  were  given  to  Massachu- 
setts, viz:  Woodstock,  SufHeld,  Enfield,  and  Somers.  In  1749  the  leg- 
islature of  Oonnecticut  passed  a  resolution  that,  inasmuch  as  the  line 
had  not  been  approved  by  the  King,  and  that  the  two  colonies  had  no 
legal  right  to  transfer  territory  without  the  confirmation  of  the  Grown, 
the  contract  was  void,  and  these  towns  were  again  taken  under  the 
jurisdiction  of  Connecticut.  Massachusetts  appealed  to  the  Eling,  and 
the  claims  of  Connecticut  were  fully  established.  (See  Hollister's  His- 
tory of  Connecticut,  Vol.  II.) 

In  1791  Massachusetts  and  Connecticut  appointed  commissioners  to 
establish  the  boundary  between  them,  but  they  were  unable  to  agree. 

In  1803  commissioners  were  appointed  to  complete  the  line,  a  com- 
promise having  been  made  concerning  the  line  between  the  town  of 
Southwick  and  the  towns  of  Suffield  and  Granby  (the  cause  of  the  dis- 
agreement of  the  former  commissioners). 

The  agreement  made  was  as  follows,  viz : 

That  tbe  liue  should  begin  from  a  station  8  rods  south  of  the  soathwe^t  comer  of 
West  Springfield,  and  thence  run  west  to  the  large  ponds,  and  theucu  southerly  by 
those  ]X)nds  to  the  ancient  south  liue  of  Westfield,  and  from  thence  on  said  soath 
line  to  the  ancient  southwest  comer  of  Wostiield;  and  from  thence  uorthorly  in  the 
ancient  west  liue  of  Westiield  to  the  station  in  said  west  line  made  by  oonimissioneR 
in  the  year  1714,  and  from  thence  to  the  southwest  comer  of  Granyille.  (See  Mass 
Special  Laws,  Vol.  Ill,  page  234.) 

In  1803  tbe  commissioners  surveyed  and  marked  the  boaudaiy  be- 
tween  their  respective  States. 
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Their  report,  which  was  adopted,  is  as  follows,  viz : 

Beginning  at  the  northeast  comer  of  Snffleld  and  the  sontheast  corner  of  West 
Springfield,  on  the  west  hank  of  Connecticnt  River,  at  a  point  70  links  northward  of 
the  center  of  a  small  valley  mnning  into  said  river,  said  point  being  between  a  small 
bnttemnt  tree,  marked  M.  C,  standing  on  the  south,  and  a  small  crooked  white  oak, 
marked  M.,  standing  on  the  north,  about  two  feet  distant  from  each  other,  and  then 
run  north  SS2P  45'  west  1  chain  to  a  stone  monument  erected  by  ns  there ;  in  the  same 
course  22  chains  25  links  to  a  stone  monument  on  the  stage  road  from  Springfield  to 
Suffield,  and  said  course  continued  would  pass  two  feet  north  of  Smith's  house; 
thence  north  82P  west  82  chains  3  links  to  a  stone  monument  on  the  middle  road  from 
Suffield  to  Springfield ;  then  in  the  same  course  13  chains  30  links  to  a  large  black  or 
red  oak  tree,  marked  on  the  east  side  C,  and  on  the  west  side  M.,  being  an  ancient 
bound ;  thence  north  77^  4'  west  134  chains  42  links  to  a  stone  monument  on  the  road 
from  Feeding  Hills  meeting-house  to  Suffield ;  thence  in  the  same  course  4  chains  21 
links  to  a  pine  stump— an  old  monument ;  thence  north  7d°  48'  west  102  chains  80  links 
to  a  stone  monument  on  the  road  from  Westfield  to  Suffield,  called  the  back  street ; 
thence  north  81^  30^  west  61  chains  20  links  to  a  stone  monument  at  an  old  stump  and 
stones,  the  ancient  southwest  comer  of  West  Springfield ;  thence  south  5^  west  2 
chains  to  a  stone  monument  in  the  line  ran  by  commissioners  in  1714 ;  thence  north 
85^  west  167  chains  33  links  to  a  stone  monument  at  the  middle  pond,  22  links  east  of 
low -water  mark,  being  at  the  center  of  a  little  valley  running  into  said  pond;  thence 
on  the  eastern  shore  of  said  pond,  as  the  same  runs  southerly,  to  a  sluice  way  or  outlet 
from  said  pond  to  the  south  pond ;  thence  southerly  on  the  east  shore  of  the  south  pond 
as  the  same  runs  to  a  stone  monument  at  high- water  mark  on  the  south  comer  of  said 
pond,  being  the  south  end  of  the  most  southerly  bay  thereof,  from  which  the  point  of 
land  beyond  the  bay  on  the  east  side  of  the  pond  bears  north  29^  east,  and  the  high  point 
beyond  the  bay  on  the  west  side  of  the  pond  is  Jiorth  3°  30^  east ;  then  south  10^  20^  west 
24  chains  78  links  to  a  stone  monument  at  the  southeast  comer  of  Sonthwick,  in  the 
ancient  south  line  of  Westfield,  from  which  the  highest  peak  of  Manatick  Mountain 
bears  south  42^  30^  west;  thence  south  87^  30^  west  33  chains  86  links  to  a  heap  of  stones 
in  a  hedge,  being  an  ancient  monument  in  the  south  line  of  Westfield  and  the  north- 
west comer  of  Suffield,  acUoining  Granby;  thence  in  said  ancient  south  line  of  West- 
field  the  same  course  to  a  stone  monument  at  a  white  oak  stnmp,  an  old  monument, 
the  southwest  comer  of  South  wick,  being  174  chains  36  links;  thence  north  10^  20' 
east  212  chains  84  links  to  a  stone  monument  erected  by  us,  at  a  place  in  the  ancient 
west  line  of  Westfield,  where  commissioners  in  1714  establidied  the  monument  called 
the  Crank  monument;  thence  north  82^  17' west  137  chains  to  a  stone  monument 
erected  by  us  at  the  east  road  from  Granby  to  Granville ;  in  this  course,  at  the  distance 
of  86  chains  20  links  from  the  Crank  monument,  we  passed  between  two  pillars  of 
stones  45  links  south  of  one  and  13  links  north  of  the  other,  both  said  to  be  the  south- 
east comer  of  Granville ;  thence  on  the  same  course  61  chains  40  links  to  a  stone  mon- 
ument erected  by  us  on  the  Granby  turnpike  road ;  thence  in  the  same  course  44 
chains  to  a  white-oak^  tree,  marked  by  commissioners  in  1717,  and  which  we  marked 
M  on  the  north  side  and  C,  1803,  on  the  south  side ;  thence  north  84°  24'  west  5  chains 
13  links  to  a  stone  monument  erected  by  ns  on  the  west  road  frx>m  Granby  to  Gran- 
ville; thence  in  the  same  course  200  chains  37  links  to  a  white  elm  stump  and  stones 
on  the  west  bank  of  Valley  Brook,  so-called,  a  monument,  made  by  commissioners  in 
1717  in  this  course  three  monuments -are  mentioned  by  said  commissioners,  which  we 
do  not  find ;  thence  north  85°  7'  west  60  chains  15  links  to  a  stone  monument  erected 
by  us  at  a  new  road  near  the  east  bank  of  Hubbard  Biver;  thence  the  same  course  2 
chains  to  dry  hemlock  tree  with  stones  about  it  on  the  west  side  of  said  river  near  a 
small  fall  and  a  rock  on  the  east  side  of  said  riyer  stooping  towards  it  more  than  2 


^Oak-tree  boi  ndary  at  Qranyille,  markad  in  1717. 
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rods  to  a  monument  erected  by  said  former  commiaBioners;  thence  north  9SIP  W 
109  chainB  35  links  to  a  stone  monnment^  erected  by  ns  on  the  road  from  GraiiTille  to 
Hartland;  thence  the  same  course  275  chains  91  links  to  a  large  heap  of  stonea  on  the 
west  bank  of  Slocom  Brook  between  two  hemlock  trees,  having  many  ancient  and 
modem  marks  thereon,  being  a  monument  made  by  said  former  commissloiiea;  in  ihk 
oonrse,  the  commissioners  of  1717  made  mention  of  a  large  hemlock  tree,  and  a  Ywy 
large  white-ash  tree  which  we  do  not  find ;  thence  north  81^  50'  west  93  chaina  74 
links  to  a  stone  monument  erected  by  us  on  the  Beach-hill  Boad,  so-called;  thence 
in  the  same  course  235  chains  to  a  stone  monument  erected  by  us  at  a  hc^  of 
stones  about  an  ebn  tree  standing  on  the  west  bank  of  Sandy  Brook,  a  moniunent 
made  by  said  former  commissioners,  who  mentioned  io  their  report  a  monument  in  this 
ooorse,  which  we  do  not  find ;  thence  north  82°  11'  west  357  chains  30  links  to  a  atone 
monument  erected  by  ns  on  the  road  from  Marlborough  to  Norfolk;  thenoe  same 
oonrse  38  chains  20  links  to  a  monument  made  by  said  former  commissionen  on  the 
west  bank  of  Whiting  Biver,  near  falls,  being  a  heap  of  flat  stones  on  a  large  took; 
thence  north  82°  9^  west  219  chains  to  a  stone  monument  at  the  end  of  Qreenwced 
Turnpike  road ;  in  this.course  said  former  commissionerB  marked  two  treee,  which  we 
do  not  find ;  thence  in  the  same  course  161  chains  75  links  to  a  stone  monnmeat 
at  the  Burrell  Boad,  so-called,  leading  firam  Canaan  to  Suffield ;  thence  in  tiie  same 
oooBW  49  chains  to  an  elm  tree,  with  stones  near  it,  on  the  east  bank  of  Hoaaatonie 
Biver,  about  six  rods  west  from  a  chestnut  stump  and  stones,  a  monument  made  1^ 
said  former  commissioners,  who  also  marked  a  whito  oak  tree  in  this  coarse  which 
we  not  find ;  thence  north  82<^  62^  west  20  chains  50  links  to  a  stone  monument 
elected  by  us  at  the  road  leading  from  Salisbury  to  Sheffield,  called  Wetany  Boad; 
thence  in  the  same  course  119  chains  50  links  to  a  stone  monument  erected  by  us  at 
the  road  from  Salisbury  to  Sheffield,  near  Ebenezer  Fletoher's  house ;  thence  on  the 
same  course  211  chains  35  links  to  a  stone  monument  erected  by  us  at  the  monntain 
load  from  Salisbury  to  Sheffield ;  thence  on  the  same  course  28  chains  4  links  to  a 
monument  estoblished  by  said  former  commissioners  at  the  foot  of  the  monntain, 
being  a  heap  of  stones  on  a  large  rook,  20  links  long  on  the  northeasterly  side,  5  ftet 
high  on  the  southerly  side,  and  which  we  marked  1803  on  the  southerly  side ;  thenee 
north  85°  30^  west  147  chains  20  links  to  a  stone  monumeDt  erected  by  us  on  the  road 
from  Salisbury  to  Mount  Washington ;  thence  on  the  same  course  81  chaina  80  links 
to  a  large  heap  of  stones,  the  oblong  comer  bounds,  so-called  between  the  State  of 
Connecticut  and  New  York. 

•  •••*•• 

The  courses  of  said  line  as  before  given,  and  here  by  us  are  according  to  the  present 
stoto  of  Magnetic  needle,  which  we  observed  to  vary  5°  west  of  north.  (See  Privals 
Laws  of  Conn.,  vol.  2,  pages  1540  to  1544.) 

ABSTRACTT  OF  RBFOBT  OF  COMMISaiON  OF  1803  ON  BOUNDARY  BRTWBXN  MASaACHO- 
BBTT8  AND  CONNBOTICUT  WS0T  OF  THB  CONNECTICUT  RIVKR. 

Beginning  at  a  point  on  the  west  bank  of  Connecticut  Biver,  in  latitude  42^  01' 
SS'MO,  longitude  72^  37'  03".46,  and  running  north  82°  45'  west  22  chaina  25  links; 
thenoe  north  82<^  west  95  chains  33  links ;  theuce  north  77^  4'  west  138  chains  63 
links ;  theuce  north  79^  48'  west  102  chains  80  links ;  thence  north  81^  30^  west  61 
chains  20  links ;  thence  south  5^  west  2  chains;  thence  north  85^  west  167  chains 33 
links  to  a  stone  monument  at  the  middle  pond,  22  links  east  of  low-water  mark  lat- 
itude 420  02'  11",  longitude  72°  45'  45".07 ;  thence  southerly  along  the  east  shore  of 
said  pond,  and  also  south  pond,  to  a  stone  monument  at  high- water  mark,  at  the  south 
comer  of  said  south  pond ;  thence  south  10°  20'  west  24  chains  78  links  to  a  stcns 
monument  at  southeast  comer  of  South  wick,  which  is  in  latitude  42^  OO'  ll".9A  |o^. 


*  Boundary  stone  in  west  front  of  Qrauville. 
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gitad6  7fiP  46'  34''.23 ;  thenoe  aoath  87^  30^  west  208  obaini  22  links  to  a  stone  mona- 
ment  at  the  southwest  oomer  of  Sonthwick,  which  is  in  latitude  41°  59'  51''.89,  lon- 
gitude 72°  49^  25''.47 ;  thenoe  north  10°  SO'  east  212  chains  84  links,  to  a  stone  monu- 
ment at  the  Dorthwest  oomer  of  the  Sonthwick  Jog,  which  is  in  latitude  42°  02^ 
12".39,  longitude  72°  49^  13".51 ;  thenoe  north  82°  17'  west  242  chains  40  Unks  to  a 
white  oak  tree,  marked  by  commissioners  in  1717,  which  is  in  latitude  42°  02'  15".84, 
longitude  72°  52'  47".74 ;  thenoe  north  84°  24'  west  205  chains  50  links;  thence  north 
85°  7'  west  ti2  chains  15  links;  thenoe  north  82°  52'  west  109  chains  35  links  to  a 
stone  monument  in  latitude  42°  02'  17".03,  longitude  72°  58'  22".52 ;  thence  north  82° 
52'  west  275  chains  91  links ;  thenoe  nortii  81°  45'  west  70  chains;  thence  north  81° 
50'  west  328  chains  74  links  to  a  stone  monument,  which  is  in  latitude  42°  02'  31".ll, 
longitude  73°  07'  35".94 ;  thenoe  north  82°  11'  west  395  chains  50  links;  thence  north 
82°  9'  west  430  chains ;  thenoe  north  82°  52'  west  140  chains  to  a  stone  monument 
on  the  road  from  Salisbury  to  Sheffield,  which  is  in  latitude  42°  02'  58".ll,  longitude 
73°  22'  r)5".27 ;  thence  north  82°  52'  west  239  chains  39  Unks ;  thence  north  85°  30' 
west  239  chains  to  the  northwest  coiner  of  Connecticut,  which  is  in  latitude  42°  02' 
58  '.54,  longitude  73°  30'  06".66. 

According  to  the  sarvey  of  the  cession  of  Boston  Corners,  by  Massa- 
chusetts to  New  York,  in  1856,  the  south  boundary  of  Massachusetts 
from  the  northwest  comer  of  Oonnecticut  to  the  southwest  comer  of 
Massachusetts  is  as  follows,  viz: 

A  line  running  north  89^  08^  4t"  west,  40  chains,  by  the  trae  meridian. 

The  courses  of  the  line  of  1803  are  magnetic,  with  the  variation  as  at 
that  date:  «.  e.,  5^  west. 

The  latitudes  and  longitudes  in  the  foregoing  are  taken  from  the 
Borden  Trigonometrical  Survey  of  Massachusetts  of  1843. 

In  1826,  the  line  between  Massachusetts  and  Oonnecticut  east  of  the 
Connecticut  Bi ver  was  run  by  commissioners  appointed  frt)m  each  State. 
An  abstract  of  the  commissioners'  report  is  here  given  : 

Abstract  of  rq^ort  of  commissioners  of  1826. — ^The  commissioners  first 
made  the  following  survey :  Commencing  at  the  northeast  comer  of 
Connecticut,  at  a  large  pile  of  stones  erected  by  commissioners  of  1734 ; 
thence  running  due  west  on  the  latitude  of  42^  S'  north  to  the  west 
line  of  Woodstock,  15  miles  169  rods  15  links.  (This  is  hereafter  referred 
to  as  the  ^^  first  line  of  latitude.")  Thence  north  3^  west  54  rods  19  links 
to  an  old  pine  tree,  the  reputed  northeast  comer  of  Union ;  thence  due 
west  25  miles  168  rods  to  Connecticut  Biver.  (This  line  is  hereinafter 
referred  to  as  the  ^^  second  line  of  latitude,"  and  the  second  line  of  lati- 
tude is  54  rods  north  of  the  first.)  These  lines  of  latitude  were  compared 
with  the  ancient  survey,  monuments,  evidence,  etc.,  of  the  line  run  by 
the  commissioners  of  1713 ;  the  said  lines  of  latitude  were  found  to  vary 
in  sundry  places  therefrom.  Therefore,  in  order  to  conform  as  near  as 
lK)ssible  to  the  line  of  1713,  the  line  was  run  as  follows,  viz : 

Beginning  at  the  northeast  comer  of  Connecticut  and  running  west 
on  '^  first  line  of  latitude"  1,702  rods  and  4  links  to  the  road  to  the  Merino 
road ;  thence  in  a  direct  line  1,372  rods  20  links  to  the  road  leading  from 
Muddy  Brook,  so  called,  by  Pennel  May's  to  Southbridge ;  this  point  is 
21  rods  10  links  north  of  the  *^ first  line  of  latitude";  thenoe  in  a  direcst 
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line  360  rods  5  links  to  the  Norwich  and  Woodstock  tampike  (tl  is  point  is 
20  rods  and  5  links  north  of  <<  first  line  of  latitude") ;  thence  in  a  direct 
line  954  rods  18  links  to  the  road  leading  from  West  Woodstock  by  Abel 
Mason's  to  Southbridge  (this  point  is  10  rods  and  22  links  north  of  ^^  first 
line  of  latitude ");  thence  in  a  direct  line  1,247  rods  to  the  road  lead- 
ing from  Union  by  Asher  Bodgen's  to  Holland  (this  point  is  2  rods  14| 
links  south  of  ^^  second  line  of  latitude") ;  thence  in  a  direct  line  1,127 
rods  to  the  turnpike  from  Hertford  through  Stafford  and  Holland  to 
Worcester  (this  point  is  6  rods  23}  links  south  of  the  ^^  second  line  of 
latitude ") ;  thence  in  a  direct  line  467  rods  to  an  old  white-oak  tree, 
an  ancient  bound,  on  the  road  from  Stafford  by  Robert  Andmss^  to 
South  Brimfleld  (this  point  is  1  rod  2  links  south  of  ^^  second  line  of  lati- 
tude''); thence  in  a  direct  line  of  1,615  rods  to  the  road  leading  from 
Stafford  by  Henry  Gady's  to  Monson  (this  point  is  16  rods  15  links 
south  of  <'  second  line  of  latitude)";  thence  in  a  direct  line  256  rods  to 
the  Tracy  road  (this  point  is  12  rods  12  links  south  of  ^'second  line  of 
latitude)" ;  thence  in  a  direct  line  620  rods  to  the  road  leading  from  Staf- 
ford by  Seth  Sheldon's  to  South  Wilbraham  (this  point  is  14  rods  7 
links  south  of  ^^  second  line  of  latitude");  thence  in  a  direct  line  1,066 
rods  to  the  road  from  Somer's  by  Walter  Ainsworth's  to  Springfield 
(this  point  is  4  rods  1  link  north  of  ^'  second  line  of  latitude");  thence 
in  a  direct  line  523  rods  to  the  road  from  Somer's  by  Abel  Peas's  to 
Springfield  (this  point  is  6  rods  12  links  south  of  the  ^*  second  line  of 
latitude");  thence  due  tre«^G45  rods  to  the  ancient  line  between  Spring- 
field (now  Long  Meadow)  and  Enfield ;  thence  south  80^  30^  west  by  the 
true  meridian  645  rods  to  a  monument  at  an  old  oak  stump;  thence 
south  51^  30^  west  by  the  true  meridian  164  rods  18  links  to  a  monument 
at  an  old  pine  stump ;  thence  due  west  349  rods  15  links  to  a  monument 
on  the  Oonnecticut  Biver  12  rods  from  the  shore;  thence  due  west 
to  Oonnecticut  Biver.  On  the  line  are  erected  49  monument  stones, 
marked  on  the  north  side  M  and  on  the  south  side  O. 

The  commissioners  also  surveyed  and  marked  the  line  from  the  the 
comer  of  Oonnecticut  to  the  corner  of  Bhode  Island,  reporting  us  fol- 
lows: 

Beginning  at  the  monument  erected  at  the  northeast  corner  of  said  State  of  Con- 
nectiont  and  running  in  a  direct  line  to  the  ancient  heap  of  stones  on  the  north  side 
of  the  turnpike  leading  from  Hertford  to  Boston  through  Thompson  and  Douglass, 
where  we  erected  a  monument,  and  thenee  runniug  in  a  direct  line  to  the  northwest 
comer  of  the  State  of  Rhode  Island. 

(For  survey  of  1826,  see  Private  Laws  of  Conn.,  vol.  2,  pages  1544  to 
1650.) 

The  boundary  between  Massachusetts  and  New  York  at  an  early 

period  became  a  subject  of  bitter  dispute,  New  York  claiming  to  the 

west  bank  of  the  Oonnecticut  River  under  the  charters  of  1664  and  1674 

to  the  Duke  of  York,  Massachusetts  claiming  under  her  old  charters  to 

Ifie  South  Sea.    AfUM  many  fnutless  attempts  at  a  settlement,  an  ar- 
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raDgement  was  entered  into  in  1773  fixing  the  western  boundary  of 
Massachusetts  where  it  meets  New  York  territory.  The  Revolution  fol- 
lowing soon  after,  the  line  was  not  run.  In  1785  Congress  appointed 
three  commissioners  to  run  the  line,  who  performed  that  duty  in  1787. 
The  line  was  as  follows,  viz : 

Beginniug  at  a  monament  erected  in  1731  by  oomtuiseioDera  from  Conneoticni  and 
New  York,  distant  from  the  Hndaon  Biver  20  miles,  and  running  north  16°  12'  9^',  east 
50  miles  41  chains  and  79  links,  to  a  red  or  black  oak  tree  marked  by  said  commissionera, 
which  Haid  line  was  run  as  the  magnetic  needle  pointed  in  1787.  (  Vide  Revised  Stat- 
Qtes  of  New  York,  1875,  p.  122.) 

The  claims  of  Massachusetts  to  western  lands  were  finally  settled 
December  16,  1786,  by  a  joint  commission  of  the  two  States.  By  this 
agreement  Massachusetts  surrendered  the  sovereignty  of  the  whole  dis- 
puted territory  to  New  York,  and  received  in  return  the  right  of  soil 
and  pre-emption  right  of  Indian  purchase  west  of  the  meridian  passing 
through  the  eighty-second  mile-stone  of  the  Pennsylvania  line,  except- 
ing certain  reservations  upon  Niagara  Biver.  The  title  to  a  tract  known 
as  <<  The  Boston  Ten  Towns,"  lying  east  of  this  meridian,  previously 
granted  by  Massachusetts,  was  also  confirmed.  ( Vide  Hough's  N.  Y. 
Gaz.,  1872,  pp.  25,  26.) 

April  10,  1785,  Massachusetts  executed  a  deed  to  the  United  States. 
It  included  all  title  of  the  State  of  Massachusetts  to  territory  west  of 
the  present  western  boundary  of  New  York. 

In  1820  Maine,  hitherto  a  part  of  Massachusetts,  was  admitted  into 
the  Union  as  an  independent  State. 

In  1853  a  small  portion  of  territory  in  the  southwestern  comer  of 
Massachusetts,  known  as  Boston  Oomer,  was  ceded  to  New  York,  and 
the  cession  confirmed  by  Congress  in  1855. 

The  cession  of  Boston  Comer  to  New  York  changes  the  boundary,  so 
that  it  is  now  as  follows,  viz : 

Beginning  at  a  monument  erected  in  1731  by  commissioners  from  Con- 
necticut and  New  York  (known  as  the  Connecticut  monument),  stand- 
ing in  the  south  boundary  of  Massachusetts,  latitude  42<^  02'  58'^54, 
longitude  73^  30^  06'^66,  which  is  the  northwest  corner  of  the  State  of 
Connecticut;  thence  along  the  south  boundary  of  Massachusetts,  north 
890  Oy  41''  west,  40  chains;  thence  north  12o  57'  16"  west  207.40* 
chains  to  a  marble  post  marked  on  the  east  side  M.  S.,  on  the  west  side 
N.  Y.,  and  on  the  south  side  1853,  which  is  in  the  line  ran  by  CTnited 
States  commissioners  in  1787 ;  thence  north  15^  12'  0"  east  on  the  line 
run  by  said  United  States  commissioners  ('47  miles  73.70*  chains)  to 
a  red  or  black  oak  tree  marked  by  said  United  States  commission- 
ers, in  the  south  boundary  of  the  State  of  Vermont,  latitude  ^P  44' 


^This  distance  has  been  obtained  by  snbtraoting  the  length  of  the  west  line  of  Bo*> 
ton  Corner  given  in  survey  of  1853  &om  the  entire  length  of  west  boundary  of  Mautk 
chnsetts  as  given  by  the  United  States  commissioners  in  1787. 
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46".68, longitude 730 16'17".08.  [SeeRevisedStatutesof NewYork,1875, 
page  122;  also  plat  of  survey  of  Boston  Corner  in  1853,  a  copy  of  which  is 
on  file  in  office  of  clerk  of  House  of  llepresentatives  at  Washington,  D.  C] 

RHODE   ISLAND. 

The  present  State  of  Rhode  Island  was  settled  by  Boger  Williams 
and  other  immigrants,  who  left  Massachusetts  Bay  and  established 
themselves  at  Providence  in  1636. 

In  1643  a  patent  was  granted  for  the  Providence  Plantation,  from 
which  the  following  are  extracts,  viz: 

•  •••••• 

kud  wherafi  there  is  a  tract  of  land  in  the  continent  of  America  aforesaid,  called  by 
the  name  of  the  Karraganset  Bay,  bordering  northward  and  northeast  on  the  patent  of 
the  Massachnsetts,  east  and  southeast  on  Plymouth  patent,  sonth  on  the  ocean,  and  on 
the  west  and  northwest  by  the  Indians  called  Nariggannencks,  alias  Narragansets,  the 
whole  tract  extending  abont  25  Enf^lish  miles  unto  the  Pequot  Biver  and  country;  and 
wheras  divers  English  inhabitants  of  the  towns  of  Providence,  Portsmouth,  and 
Newport,  in  the  tract  aforesaid,  •  •  •  have  represented  their  desire,  *  •  •  we 
*  *  *  do  *  *  *  giv^G)  grant,  and  confirm  to  the  aforesaid  inhabitants  of  the 
towns  of  Providence,  Portsmouth,  and  Newport  a  firm  and  absolute  charter  of  inocNN 
poration,  to  be  known  by  the  name  of  the  incorporation  of  Providence  Plantations,  in 
the  Narraganset  Bay,  in  New  England.    •    •    • 

In  1663  Gharles  II  granted  a  charter  to  Rhode  Island  and  Providence 
Plantations,  of  which  the  following  is  an  extract : 

•  •  •  ( 1^1  J  ^Ijjh^  parte  of  our  dominiones  in  New-England,  in  America,  oonteyneing 
the  Nahantick  and  Narragansett  Bay,  and  countryes  and  partes  adjacent,  bounded  on 
the  west,  or  westerly,  t«  the  middle  or  channel  of  a  river  there,  commonly  called  and 
known  by  the  name  of  Pawcatuck,  alias  Pawcawtuck  river,  and  soe  along  the  sayd 
river,  as  the  greater  or  middle  streams  thereof  reacheth  or  lye«  upp  into  the  north 
countrye,  northward,  unto  the  head  thereof,  and  from  thence,  by  a  streight  lyne 
drawn  due  north  untill  itt  meets  witli  the  south  lyue  of  the  Massachusetts  Collony; 
and  on  the  north,  or  northerly,  by  the  aforesayd  south  or  southerly  lyne  of  the  Massa- 
ohnsetts  Collony  or  Plantation,  and  extending  towards  the  east,  or  eastwardly,  three 
English  miles  to  the  east  and  north-east  of  the  most  eastern  and  north-eastern  parts 
of  the  aforesayd  Narragansett  Bay,  as  the  sayd  bay  lyeth  or  extendeth  itself  from  the 
ocean  on  the  south,  or  southwardly,  unto  the  mouth  of  the  river  which  runneth  to- 
wards the  towno  of  Providence,  and  from  thence  along  the  eastwardly  side  or  banke 
of  the  sayd  river  (higher  called  by  the  name  of  Soacunck  river),  up  to  the  ffalls  called 
Patnckett  ffalls,  being  the  most  westwardly  lyne  of  Plymouth  Collony,  and  soe  firom 
the  sayd  ffalls,  in  a  streight  lyne,  due  north,  untill  itt  meet  with  the  aforesayd  line 
of  the  Massachnsett'S  Collony ;  and  bounded  on  the  south  by  the  oceau/'  And  in  par- 
ticular, the  lands  belonging  to  the  townes  of  Providence,  Pawtuxet,  Worwicke,  Nus- 
quammack«  alias  Pawcatuck,  and  the  rest  upon  the  main  land  in  the  tract  aforesayd 
together  with  Rhode  Island,  Blocke  Island,  and  all  the  rest  of  the  islands  and  banks 
in  the  Narragansett  Bay  and  bordering  upon  the  coast  of  the  tracts  aforesaid  (Ffish- 
ers  Island  only  exce])ted).     •     •     • 

(For  history  of  the  northern  and  eastern  boundaries  see  Massa- 
chusetts, p.  54.) 

In  1703  sabstantially  the  present  western  boundary  was  settled  by 

an  agreement  made  between  the  commissioners  from  the  two  colonies 

rUhode  Island  and  ConuecUcwt,  ^ra.*.  ^'^  K  «Xx«i%>a\.  Vma  fcora  the  month 
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of  Ashawoga  River  to  the  southwest  oomer  of  the  Warwick  purchase, 
and  thence  a  straight  north  line  to  Massachusetts. 

The  line  of  1703  was  actually  run  by  Bhode  Island,  and  is  still  known 
as  the  Dexter  and  Hopkins  line. 

The  two  colonies  disagreeing,  Bhode  Island  appealed  to  the  King, 
and  the  agreement  of  1703  was  finally  established  in  1726. 

Tu  September,  1728,  commissioners  from  the  two  colonies  met  and 
ran  the  line. 

(For  agreement  of  1703  and  1728,  decisions  of  Bnglish  council,  etc., 
see  R.  I.  Hist  Soc.  Coll.,  Vol.  III.) 

In  1839  commissioners  were  appointed  by  Bhode  Island  and  Gonneoti- 
cut  to  survey  and  ascertain  the  line  and  erect  monuments. 

The  following  line  was  established,  viz: 

BegiDning  at  a  rock  near  the  month  of  Ashawoga  Biver,  where  it  empties  into 
PawoatDck  Biver,  and  from  said  rock  a  straight  course  northerly  to  an  ancient  stone 
heap  at  the  southeast  comer  of  the  town  of  Yoluntown,  and  firom  said  rock  sontherly 
in  the  same  conrse  with  the  aforesaid  line,  nntil  it  strikes  Pawcatnck  Biver.  From 
the  southeast  comer  of  Volnntown  a  straight  line  to  a  stone  heap  at  the  southwest 
comer  of  West  Greenwich ;  from  thence  a^  straight  line  to  the  southwest  comer  of  the 
ancient  town  of  Warwick,  and  which  is  now  a  comer  of  the  towns  of  Coventry  and 
West  Greenwich ;  from  thence  a  straight  line  to  the  northwest  oomer  of  the  town  of 
Coventry ;  thence  a  straight  line  to  the  northeast  oomer  of  Sterling ;  thence  a  straight 
line  to  the  southwest  comer  of  BurriUville,  and  thence  a  straight  line  to  a  stone  heap 
upon  a  hill  in  the  present  Jurisdictional  line  between  the  States  of  Massachusetts 
aud  Rhode  Island,  and  at  all  of  said  comers,  excepting  said  Warwick  comer,  we 
have  erected  monuments  of  stone,  marked  B.  I.  and  C,  and  have  also  placed  similar 
monuments  on  all  the  principal  roads  orossing  the  line,  and  at  other  suitable  places. 
•  •••••• 

And  we  have  caused  the  ancient  monument  which  was  erected  at  the  Warwick  cor- 
ner in  November,  1742,  to  be  reset  and  a  large  heap  of  stones  to  be  made  around  it. 
Said  monument  is  marked  with  the  letter  C.  on  one  side,  and  on  the  other  BHODE. 
ISLAND  and  the  traces  of  other  letters  and  figures.  [Extract  ftom  Commisnon- 
er's  Beport.    See  B.  I.  Acts  and  Besolves,  Jan.  1846,  pages  12, 13,  14.] 

The  above  was  ratified  in  1846. 


CONNECTICUT. 

The  title  by  which  the  people  of  Gonnecticut  held  the  ooantry  was 
founded  on  the  old  patent  granted  by  Bobert,  Earl  of  Warwick,  in 
1031,  to  Lord  Say  and  Seal,  Lord  Brooke,  Sir  Eichard  Saltonstall,  and 
others,  associated  under  the  name  of  the  Plymouth  Company. 

In  1630  the  Plymouth  Oonncll  made  a  grant  of  Gonnecticut  to  the 
Earl  of  Warwick,  their  president.  This  was  confirmed  by  King  Gharles 
in  1G31,  and  on  the  19th  of  March,  in  the  same  year,  the  Earl  conveyed 
Ills  title  to  the  Plymouth  Gompany,  as  before  stated.  (Dwighfs  Gonn., 
p.  19,  ct  seq.) 
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A  charter  was  granted  by  Oharles  11  to  Oonnecticat  in  1602,  of  which 

'.he  following  is  an  extract,  viz : 

•  •••••• 

We  •  •  •  do  give,  grant  and  confirm  unto  the  said  Governor  and  Company;  Aod 
their  socoeeeors,  all  that  part  of  onr  Dominions  in  New  England  in  Amerioft  bonnded 
on  the  east  by  Narraganset  River,  oonmionly  oaUed  Narraganset  Bay,  where  the  said 
river  falleth  into  the  sea,  and  on  the  north  by  the  line  of  the  liaseaohosetts  planta- 
tion ;  and  on  the  south  by  the  sea  ;  and  longitude  as  the  line  of  the  MaaBachoaetta 
Colony,  running  from  east  to  west,  that  is  to  say,  from  the  said  Narraganaett  Bay  on 

the  east,  to  the  south  sea  on  the  west  part,  with  the  islands  thereonto  adjoining*    *   * 

•  «  •  *  •  •»  • 

[C.  and  C,  p.  256-7.] 

Previous  to  this  time  the  two  colonies  of  Gonnecticut  and  New  Haven 
had  continued  separate,  but  nnder  this  charter  they  were  united  and 
the  charter  was  accepted  April  20, 1665.    (O.  and  C,  p.  252.) 

The  Duke  of  York  having  been  granted  a  charter  in  1664,  by  which 
the  lands  west  of  the  Gonnecticat  River  were  embraced  in  his  jurisdic- 
tion, the  question  of  boundary  immediately  arose. 

About  this  time  Gol.  Richard  Nichols,  George  Gartwright,  esq.,  Sir 
Robert  Oarr,  and  Samuel  Maverick,  esq.,  had  been  appointed  commis- 
sioners by  the  King,  and  clothed  with  extraordinary  powers,  to  determine 
all  controversies  in  the  colonies.  The  matter  was  referred  to  them,  who, 
after  a  full  hearing,  determined  that  the  southern  boundary  of  Gonnect- 
icut was  the  sea  (Long  Island  Sound),  and  its  western,  Mamaroneok 
River,  and  a  line  drawn  north-northwest  from  the  head  of  salt  water  in 
it  to  Massachusetts.  The  territory  south  and  west  of  these  lines  was 
declared  to  belong  to  the  Duke  of  York.  {Vide  D wight's  Gonneoticnt, 
pp.  159  et  seq.) 

This  decision,  in  effect,  decided  upon  a  line  20  miles  east  of  the  Hud- 
son River  as  the  boundary,  having  for  a  starting  point  a  place  on  Ma- 
maroneck  River. 

In  1674  the  Duke  of  York  received  a  new  charter  in  substantially  the 
same  terms  as  that  of  1664.  New  controversies  concerning  jurisdiction 
led  to  a  new  agreement,  by  which  it  was  stipulated  that  a  tract  of  land 
on  Long  Island  Sound,  the  bounds  of  which  were  described  as  con- 
taining 61,440  acres,  should  be  permanently  set  off  to  Gonnecticat  by 
New  York  on  condition  that  the  former,  in  exchange,  should  set  off  to 
New  York  a  territory  of  like  extent  and  of  uniform  width  from  the  tract 
on  the  Sound  to  the  south  line  of  Massachusetts.  This  agreement  was 
sanctioned  by  a  royal  ordinance  of  the  King,  and  in  1684  the  tract  on 
the  Sound  was  surveyed  and  set  off  to  Connecticut. 

The  western  boundary  of  Connecticut  was  run  in  1685  by  Migor 
Gk)uld,  Mr.  Barr,  and  Mr.  Selleck,  and  ratified  by  both  parties.  ( Vide 
Dwight's  Gonnecticut,  p.  199.) 

For  various  reasons  the  survey  of  the  equivalent  lands  was  not  made 
at  that  time. 

In  1725  commissioners  were  tt^ij^viitAd  on  both  sides  to  fix  the  line, 
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this  biding  the  fifth  set  appointed  for  the  same  purpose,  none  of  \vhich 
had  been  able  to  come  to  an  agreement. 

The  commissioners  of  1725,  however,  entered  into  articles  of  agree- 
ment settling  the  manner  of  the  survey.  They,  however,  ran  only  the 
line  bounding  the  tract  on  Long  Island  Sound. 

For  some  cause  action  was  then  suspended  until  1731,  when  the  com- 
missioners of  1725  surveyed  and  set  off  the  oblong  or  equivalent  terri- 
tory to  New  York,  defining  and  marking  its  boundary,  which  was  to 
remain  forever  the  dividing  line  between  the  resx)ective  States  (then 
colonies).  The  line  was  substantially  as  at  present,  and  is  as  follows, 
viz: 

Beginning  at  Lyon's  Point,  in  the  month  of  a  brook  or  river  called  Byram's 
River,  where  it  falls  into  LoDg  Island  Sonnd,  and  running  thence  np  along  said 
river  to  a  rock  at  the  ancient  road  or  wading-place  in  said  river,  which  rock  bears 
north  twelve  degrees  and  forty-five  minutes  east,  five  hundred  and  fifty  rods  from 
said  point ;  then  north  twenty-three  degrees  and  forty-five  minntes  west,  two  thou- 
sand two  hundred  and  ninety-two  rods;  then  east-northeast,  thirteen  miles  and  sixty- 
four  rods,  which  lines  were  established  in  the  year  one  thousand  sevAU  hundred  and 
twenty-five,  by  Francis  Harrison,  Cadwaller  Golden,  and  Isaac  Hicks,  commissioners 
on  the  part  of  the  then  province  of  New  York,  and  Jonathan  Law,  Samuel  Eells, 
Roger.  Waloott,  John  Copp,  and  Edmund  Lewis,  commissioners  on  the  part  of  the 
then  colony  of  Connecticut,  and  were  run  as  the  magnetic  needle  then  i>ointed;  then 
along  an  east-northeast  continuation  of  the  last-mentioned  course,  one  mile,  three- 
quarters  of  a  mile,  and  twenty-one  rods,  to  a  monument  erected  in  the  year  one 
thousand  seven  hundred  and  thirty-one  by  Cadwaller  Colden,  Gilbert  Willett,  Yin- 
cent  Matthews,  and  Jacobus  Bruyn,  jr.,  commissioners  on  the  part  of  said  province, 
and  Samuel  Eells,  Roger  Walcott,  and  Edmund  Lewis,  commissioners  on  the  part  of 
said  colony,  which  said  monument  is  at  the  southeast  comer  of  a  tract  known  and 
distinguished  as  the  oblong  or  equivalent  lands ;  then  north  twenty-four  degrees  and 
thirty  minutes  west,  until  intersected  by  a  line  run  by  said  last-mentioned  commis* 
sioners,  on  a  course  south  twelve  degrees  and  thirty  minutes  west,  firom  a  monument 
erected  by  them  in  the  south  bounds  of  Massachusetts,  whioh  monument  stands  in  a 
valley  in  theTaghkanick  Mountains,  one  hundred  and  twenty-one  rods  eastward  from 
a  heap  of  stones  in  said  bounds,  on  the  top  or  ridge  of  the  most  westerly  of  said 
mountains ;  then  north  twelve  degrees  and  thirty  minntes  east  from  a  monument 
erected  by  said  last-mentioned  commissioners  at  said  place  of  intersection,  and  stand- 
ing on  the  north  side  of  a  hill,  southeasterly  fh>m  the  easternmost  end  of  the  long 
pond,  along  the  aforesaid  line  to  the  aforesaid  monument  erected  in  the  south  bounds 
of  Massachusetts — being  the  northeast  comer  of  the  oblong.  (See  Revised  Statutes 
of  N.  Y.,  1881,  Vol.  I,  pages  128-9.) 

For  more  than  a  centory  no  controversy  arose,  but  snbseqaent  to  1850 
questions  of  jurisdiction  were  raised,  and  in  1855  Conneoticat  made  a 
proposition  for  a  new  survey.  Several  sets  of  commissioners  were 
appointed,  but  no  agreement  being  reached,  finally,  in  1860,  pursuant 
to  an  act  of  the  legislature  of  New  York,  the  line  was  run  by  the  New 
York  commissioners,  Connecticut  not  being  represented. 

The  first  section  of  the  act  of  the  New  York  legislature  is  as  follows, 
viz: 

1.  The  commissioners  appointed  by  the  governor  to  ascertain  the  boundary  line  be- 
tween the  States  of  New  York  and  Connecticut  are  hereby  empowered  and  di3»Q^«^ 
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to  Borvey  and  mark,  with  snitable  monameiitay  the  sail  line  between  the  two  Stsiai 
OMfloDed  hy  the  iurveif  of  1731. 

The  following  is  an  abstract  of  the  engineer's  report  of  the  line  mn 
under  direction  of  the  commissioners  from  New  York,  the  Oonneetioot 
commissioners  declining  to  be  present  or  assist,  viz: 

Beginning  at  the  northwest  comer  of  Connecticut,  at  the  monument 
erected  by  the  commissioners  of  New  York  and  Connecticut  in  1 731,  lati- 
tude 420  02'  58^'^  longitude  73^  30"  06''.66;  thence  south  lio  2(K  west, 
464  chains,  to  the  ''47th  mile  monument;  thence  south  12<^  34'  west,  239 
chains,  57  links,  to  the  44th  mile  monument  point;  thence  south  lio  sy 
west,  160  chains  99  links,  to  the  42d  mile  monument;  thence  south  130 
16^  west,  161  chains  24  links,  to  the  40th  mile  monument  point;  ihenoe 
south  12^  21'  west,  398  chains  21  links,  to  the  35th  mile  monument; 
thenoe  south  12^  32'  west,  158  chains  96  links,  to  the  33d  mile  moini- 
ment;  thenoe  south  11^  44'  west,  243  chains  37  links,  to  the  30th  mile 
monument ;  thence  south  12^  27'  west,  161  chains  32  links,  to  the  28tfa 
mile  monument ;  thence  south  1(P  56'  west,  160  chains,  to  the  26th  mile 
monument  point ;  thence  south  11^  39'  west,  320  chains  11  links,  to  the  22d 
mile  monument;  thence  south  12^  18'  west,  163  chains  17  links,  to  the 
30th  mile  monument ;  thence  south  11^  49'  west,  159  chains  9  links,  to 
the  18th  mile  monument;  thence  south  12^  19'  west,  157  chains  15  links, 
to  the  16th  mile  monument;  thence  south  1(P  11'  west,  161  chains 
7  links  to  the  14th  mile  monument ;  thence  south  10^  51'  west,  313  chains 
41  links,  to  the  10th  mile  monument  point;  thence  south  12^  24'  west, 
155  chains  71  links,  to  the  8th  mile  monument ;  thence  south  10^  19'  west, 
159  chains  28  links,  to  the  6th  mile  monument  point ;  thence  south  12^ 
10'  west,  164  chains  42  links,  to  the  4th  mile  monument ;  thence  south 
no  44/  west,  158  chains  99  links,  to  the  2-mile  monument;  thence  south 
14P  10'  west,  109  chains  41  links,  to  the  Bidgefield  angle  monument;' 
thence  south  25^  8'  east,  213  chains  39  links,  to  the  4th  mile  monument 
on  the  east  line  of  the  oblong  between  the  Wilton  and  Bidgefield  angles 
thenoe  south  24^  48'  east,  157  chains  63  links,  to  the  2mile  monument 
thenoe  south  24^  14'  east,  167  chains  28  links,  to  the  Wilton  angle  mon 
ument,  or  southeast  comer  of  the  oblong  as  set  off  by  the  commission 
era  of  1731 ;  thence  south  67^  45'  west,  138  chains  76  links,  to  the  south 
west  comer  of  the  oblong,  and  being  where  the  survey  of  1725  termi 
nated ;  thence  south  65^  44'  west,  90  chains  87  links,  to  a  point  consid- 
ered the  original  12th  mile  monument  point ;  thence  south  66^  56'  west, 
241  chains  93  links,  to  a  point  called  the  9th  mile  monument;  thence 
south  66^  45'  west,  319  chains  12  links,  to  the  5th  mile  monument  point ; 
tlience  south  66^  25'  west,  398  chains  40  links,  to  the  angle  at  the  Duke's 

^TLe  mile  monuments  referred  to  are  tboee,  at  that  time  remaining,  which  were 
established  by  the  Connecticnt  and  New  York  commissioners  of  1731. 

'The  entire  distance  ftom  the  Massachusetts  line  to  Bidgefield  angle  is  53  mUes  35 
rods,  a  difference  of  only  5  rods  from  the  survey  of  1731. 
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Trees ;  thenoe  soath  23^  38'  east,  172  chains  83  links,  to  a  point  which  is 
west-southwest  and  distant  32  rods  from  the  chimney  in  the  old  Glapp 
house ;  thence  south  24P  2V  east,  224  chains  78  links,  to  a  point  opposite 
the  old  William  Anderson  house ;  thence  south  24^  1^  east,  173  chains  7 
links,  to  the  great  stone  at  the  ancient  wading  place  on  Byrom  Biver; 
thence  south  17^  45'  west,  12  chains  60  links,  to  a  rock  in  the  river  which 
can  be  seen  at  low  tide,  in  which  there  is  a  bolt ;  thence  south  27^  west, 
55  chains  19  links ;  thence  south  7^  20^  east,  13  chains  45  links ;  thence 
south  12^  10'  east,  16  chains  13  links ;  thence  soutbL jt^  40/  east,  9  chains 
4  links ;  thence  south  28^  25^  east,  9  chains  54  links;  Ihence  south  18^  40^ 
east,  4  chains  77  links ;  thence  south  11^55^  west,  6  chains  33  links ;  thence 
south  580  10'  west,  to  where  it  falls  into  the  sound.  (See  report  of  the 
commissioners  to  ascertain  and  settle  the  boundary  line  between  the 
States  of  New  York  and  Gonnecticut,  February  8, 1861,  in  which  will 
also  be  found  a  complete  account  of  this  controversy.) 

In  1880  commissioners  were  appointed  by  Connecticut  and  New  York. 
Their  report  was  ratified  in  1880. 

These  commissioners  reported  as  follows,  viz : 

We  agree  that  the  boundary  on  the  land  constitating  the  weetem  boundary  of  Con- 
neotiont  and  the  eastern  boundary  of  New  York  shall  be  and  is  as  the  same  was  de- 
fined by  monuments  erected  by  oommlssioners  appointed  by  the  State  of  New  York, 
and  completed  in  the  year  1860,  the  said  boundary  line  extending  from  Byram  Point, 
formerly  called  Lyon's  Point,  on  the  south,  to  the  line  of  the  State  of  Massachusetts 
on  the  north. 
And  we  further  agree  that  the  boundary  on  the  sound  shaU  be  and  is  as  follows : 
Beginning  at  a  point  in  the  center  of  the  channel,  about  600  feet  south  of  the  ex- 
treme rocks  of  Byram  Point,  marked  No.  0,  on  appended  United  States  Coast  Survey 
chart ;  thence  running  in  a  true  southeast  course  3^  statute  miles ;  thenoe  in  a  straight 
line  (the  arc  of  a  great  circle)  northeasterly  to  a  point  4  statute  miles  due  south  of 
New  London  Light-House ;  thence  northeasterly  to  apoint  markedNo.  1,  on  the  annexed 
United  States  Coast  Surrey  chart  of  Fisher's  Island  Sound,  which  point  is  on  the 
longitude  east  three-quarters  north,  sailing  course  down  on  said  map,  and  Is  about 
1,000  feet  northerly  from  the  Hommock  or  North  Ihimpling  Light-House ;  thence  fol- 
lowing said  east  tluree-fonrths  north  sailing  course  as  laid  down  on  said  map,  easterly  to 
a  point  marked  No.  2  on  said  map ;  thenoe  southeasterly  to  a  point  marked  No.  3  on 
said  map ;  so  &r  as  said  States  are  ootenninous.  (See  Bevised  Statutes  of  New  York, 
1881,yoL,  I,  pageiae.) 

The  above  agreement  concerning  these  boundaries  between  Oonnec- 
ticat  and  Kew  York  was  confirmed  by  the  Oongress  of  the  United  States 
on  February  26, 1881.    (See  Bevised  Statutes  of  United  States,  1881.) 

(For  the  history  and  present  location  of  iihe  eastern  boundary  of  Con- 
necticut, ffide  Massachusetts,  p.  61,  and  Bhode  Island,  p.  70.  For  the 
northern  boundary,  ffide  Massachusetts,  p.  64.) 

Under  the  charter  of  1662  Gonnecticut  clwned  a  large  western  ter- 
ritory. Subsequent  to  the  Bevolution,  however,  in  1786, 1792, 1795,  and 
1800,  she  relinquished  all  title  to  any  land  west  of  her  present  boundary. 
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NEW   YORK. 

The  territory  included  in  the  present  State  of  New  York  was  em- 
braced in  the  French  and  English  grants  of  1603  and  1600.  The  Dutch, 
however,  in  1613  established  trading  posts  on  the  Hadson  Biver  and 
claimed  jorisdiction  over  the  territory  between  the  Oonnecticnt  and  Del- 
aware Bivers,  which  they  called  New  Netherlands.  The  government 
was  vested  in  ^^  Th(p[  United  New  Netherland  Company,"  chartered  in 
1616,  and  then  in  ^^he  Dutch  West  India  Company,"  chartered  in  1621. 

In  1664  King  Charles  II  of  England  granted  to  Ms  brother,  the  Duke 
of  York,  a  large  territory  in  America,  which  included,  with  other  lands, 
all  that  tract  lying  between  the  west  bank  of  the  Connecticut  Biver 
and  the  east  bank  of  the  Delaware.  The  Duke  of  York  had  previously 
purchased,  in  1663,  the  grant  of  Long  Island  and  other  islands  on  the 
New  England  coast,  made  in  1635  to  the  Earl  of  Stirling,  and  in  1664, 
with  an  armed  fleet,  he  took  possession  of  New  Amsterdam,  which  was 
thenceforth  called  New  York.  This  conquest  was  confirmed  by  the 
treaty  of  Breda,  in  1667. 

The  following  is  an  extract  &om  the  grant  of  1664  to  the  Duke  of 
York: 

All  that  parte  of  the  maine  land  of  New  England  beginning  at  a  certaine  place 
called  or  knowne  by  the  name  of  St.  Croix  next  a^joyning  to  New  Scotland  in  Amer- 
ica and  from  thence  extending  along  the  sea  coast  unto  a  certain  place  called  Petna- 
qnine  or  Pemaquid  and  so  up  the  River  thereof  to  the  farther  head  of  ye  same  as  it 
tendeth  northwards  and  extending  from  thence  to  the  River  Kinebeqni  and  so  up- 
wards by  the  shortest  course  to  the  River  Canada  northward  and  also  aU  that  Island 
or  Islands  commonly  caUed  by  the  severall  name  or  names  of  Matowacks  or  Long 
Island  scituate  lying  and  being  towards  the  west  of  Cape  Codd  and  ye  narrow  Hig- 
ansetts  abutting  upon  the  maine  land  between  the  two  Rivers  there  caUed  or  knowne 
by  the  severall  names  of  Conecticutt  and  Hudsons  River  togather  also  with  the  said 
river  of  Hudsons  River  and  all  the  land  from  the  west  side  of  Conecticutt  to  ye  east 
aide  of  Delaware  Bay  and  also  all  those  ^overall  Islands  called,  or  knowne  by  the 
names  of  Martin's  Vinyard  and  Nautukes  otherwise  Nautuckett  togather  with  all  ye 
lands  islands  soyles  harbours  mines  minerals  quarryes  woods  marshes  waters  lakes 
ffishings  hawking  hunting  and  ffowling  and  all  other  royalltyes  proffitts  commodi- 
tyes  and  hereditaments  to  the  said  severale  island  lands  and  premisses  belonging  and 
appertaining  with  theire  and  every  of  theire  appurtenances  and  all  our  estate  right 
title  interest  benefitt  advantage  claime  and  demand  of  in  or  t<o  the  said  lands  and 
premises  or  any  part  ur  parcell  thereof  and  the  revercon  and  revercons  renuuDder  and 
remainders  togather  with  the  yearly  and  other  ye  rents  revenues  and  proffitts  of  all 
and  singular  the  said  premisses  and  of  every  part  and  parcell  thereof  to  have  and  to 
hold  all  and  singular  the  said  lands  islands  hereditaments  and  premisses  with  their 
and  every  of  their  appurtenances. 

In  July,  1673,  the  Dutch  recaptured  New  York  and  held  it  until  it 
was  restored  to  the  English  by  the  treaty  of  Westminster,  in  February, 
1674. 

The  Duke  of  York  thei^eupou,  to  perfect  his  title,  obtained  a  new 
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grant,  in  sabstantially  the  same  terms  as  that  of  1664  (0.  and  G.,  p. 

1328),  of  which  the  following  is  an  extraet,  viz: 

•  •  •  »  *  •  • 

All  that  part  of  the  main  land  of  New  England,  beginning  at  a  oertain  place 
called  or  known  by  the  name  of  Saint  Croix  nexe  adjoining  to  New  Scotland  in 
America,  and  from  thence  extending  along  the  sea-coast  into  a  certain  place  called 
Petnaquim  or  Pemqnid,  and  so  up  the  river  thereof  to  the  furthest  head  of  the  same 
as  it  windeth  northward  and  extending  from  the  riv^r  of  Kinebeqn  and  so  upwards 
by  the  shortest  conrse  to  the  riyer  Canada  northwards ;  and  all  that  island  or  isl- 
ands commonly  called  by  the  seyeral  name  or  names  of  Matowacks  or  Long  Islands, 
situate  and  being  toward  the  west  of  Cape  Cod  and  the  narrow  Higansnts  abutting 
upon  the  main  land  between  the  two  rivers  there  called  or  known  by  the  several 
Dames  of  Connecticut  and  Hudson  Rivers,  together  also  with  the  said  river  called 
Hudson's  River,  and  all  the  lands  fh>m  the  west  side  of  Connecticut  River  to  the  east 
side  of  Delaware  Bay ;  and  also  all  those  several  islands  called  or  known  by  the 
names  of  Martin  Vinyard  and  Nantukes,  otherwise  Nantackett. 

•  •  •  «  •  •  • 

By  these  grants  to  the  Dnke  of  York  and  the  conqnest  of  the  Datoh 
possessions  in  America,  it  will  be  seen  that  New  York  originally  had  a 
claim  to  a  mnch  larger  territory  than  is  now  included  in  her  limits.  The 
successive  changes  in  her  extent  may  be  sketched  as  follows,  viz: 

In  1664  the  Dnke  of  York  sold  the  present  State  of  New  Jersey  to 
Lord  John  Berkeley  and  Sir  George  Oarteret. 

In  1682  the  Dnke  of  York  sold  to  William  Penn  his  title  to  Delaware 
and  the  coantry  on  the  west  bank  of  the  Delaware,  which  had  been 
originally  settled  by  the  Swedes,  then  conquered  by  the  Dntch,  and 
which  had  by  them  been  surrendered  to  the  Duke  of  York. 

In  1686  Pemaqnid  and  its  dependencies  were  annexed  t6  the  New 
England  government  by  a  royal  order,  the  Duke  of  York  having  ac- 
ceded to  the  throne  of  England. 

By  the  cliarter  of  1091  to  Massachusetts  Bay,  all  claim  to  any  part 
of  Maine  was  extinguished,  and  the  islands  of  Nantucket,  Marthas 
Vineyard,  and  others  adjacent  (hitherto  known  as  Duke's  County, 
New  York),  were  annexed  to  Massachusetts  Bay. 

The  territory  west  of  the  Connecticut  Eiver  to  within  about  20  miles 
of  the  Hudson  Eiver,  now  forming  a  portion  of  Massachusetts  and  Con- 
necticut, were,  by  agreements  and  concessions  made  at  various  periods, 
surrendered  to  those  States  resi)ectively. 

In  1781  New  York  released  to  the  General  Government  all  the  lands 
to  which  she  had  claim  west  of  a  meridian  extending  through  the  west 
extremity  of  Lake  Ontario,  and  in  1790  she  gave  up  all  claim  to  the 
present  State  of  Vermont  and  consented  to  her  independence. 

By  these  successive  reductions  New  York  was  left  with  substantially 
her  present  boundaries. 

(For  the  history  and  settlement  of  the  eastern  boundary  of  New  York, 
vide  Vermont,  Massachusetts,  and  Connecticut,  ante  pp.  52,  68,  and  72.) 

The  northern  boundary  was  settled  by  the  treaty  of  peace  in  1783 
Bull.  171 6 
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and  by  the  commission  under  the  sixth  article  of  the  treaty  of  Ghent 
{Vide  p.  13.) 

The  boundary  between  New  York  and  New  Jersey  was  plainly  stated 
in  the  grant  by  the  Duke  of  York  to  Berkeley  and  Oarteret  ( Vide  New 
Jersey,  p.  82.) 

In  1719  attempts  were  made  to  have  the  line  run  and  marked,  but 
nothing  seems  to  have  been  done  to  settle  the  matter  permanently  tiD 
1769,  when  commissioners  were  appointed  by  the  King,  who  fixed  on 
substantially  the  present  line.    ( Vide  B.  S.  N.  J.,  1821,  pp.  29-^34.) 

In  1772  this  line  was  confirmed  by  the  legislatures  of  both  ookmies, 
and  commissioners  were  appointed  to  survey  and  mark  the  same. 

This  line  was  as  follows,  viz : 

A  direct  aod  straight  line  from  the  fork  or  branch  fbnned  by  the  JnneUon  of  the 
stream  or  waters  called  the  Machackamack  with  the  river  Delaware  or  FUhkill,  in 
the  latitude  of  41^  2V  J7",  to  a  rock  on  the  west  side  of  the  Hadson  Biver,  marked  by 
the  said  surveyors  io  the  latitude  of  41^ — said  rock  was  ordered  to  be  marked— with 
the  following  words  and  figures,  viz:  '* Latitude  41°  north;"  and  ontheaofith  side 
thereof  ''New  Jersey'';  and  on  the  north  side  thereof  "New  York";  also,  to  aaik 
every  tree  that  stood  on  the  line  with  five  notches  and  a  blase  on  the  northweii  9ad 
southeast  sides  thereof,  and  to  put  up  stone  monumeuts,  at  1  mile  distanoe  fromeaeh 
other,  along  the  said  line,  and  to  number  such  monuments  with  the  number  of  miks; 
the  same  shall  be  from  the  before-mentioned  marked  rock  on  the  west  side  of  Hndeoo'i 
River,  and  mark  the  words  ''New  Jersey"  on  the  south  side,  and  the  woida  "New 
York"  on  the  north  side,  of  every  of  the  said  monuments.  (See  R.8»of  N.  J.,  1881, 
pp.  S)9-d4.) 

The  above  was  confirmed  by  the  king  in  council  September  1, 1773. 

In  the  year  1833  commissioners  were  appointed  by  New  York  and 
New  Jerdey  for  the  settlement  of  the  territorial  limits  and  jurisdictioD 
of  the  two  States. 

In  the  following  year  the  commissioners  made  the  following  agree- 
ment, which  was  ratified  by  each  State  and  confirmed  by  Congress,  vis: 

UNITHD  8TATB8    STATUTES  AT  LABGB.     TWENTY-THIRD  CONGRESS,  8ES8IOK  I.     1834. 


▲N  ACT  giving  the  consent  of  Congrefls  to  an  agreement  or  oompaot  entered  into  LeiwaMi 
of  New  York  and  the  State  of  New  Jeraey,  respecting  the  territoria)  limits  and  JmiidietloB  «f  hH 
States. 

Article  first.  The  boundary  line  between  the  two  States  Of  New  York  and  New 
Jeraey,  from  a  point  in  the  middle  of  Hudson  River,  opposite  the  point  on  the  west 
shore  thereof,  in  the  forty-first  degree  of  north  latitude,  as  heretofore  asoertained^  and 
marked,  to  the  main  sea,  shall  be  the  middle  of  the  said  river,  of  the  bay  of  New 
York,  of  the  waters  between  Staten  Island  and  New  Jersey  and  of  Raritan  Bay,  to  the 
main  sea ;  except  as  hereinafter  otherwise  particularly  mentioned. 

Article  second.  The  State  of  New  York  shall  retain  its  present  jurisdiction  of 
and  over  Bedloe's  and  Ellis's  Islands,  and  shall  also  retain  exclusive  Jurisdiction  of 
and  over  the  other  islands  lying  in  the  waters  above  mentioned  and  now  under  the 
jurisdiction  of  that  State. 

Article  third.  The  State  of  New  York  shall  have  and  enjoy  exclusive  JaiiadiotioD 
of  and  over  all  the  watere  of  Hudson  River  lying  west  of  Manhattan  Island  and  to  the 
south  of  the  mouth  of  Spuy  tenduyvel  Creek ;  and  of  and  over  the  lands  ooTeredby  the 
atdd  waters  to  the  low-watei  mark  on  the  westerly  or  Now  Jersey  side  thereof;  wa\h 
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Jeot  to  the  following  rights  of  property  and  of  Jnriadiction  of  the  State  of  New  Jer- 
sey, that  is  to  say : 

1.  The  State  of  New  Jersey  shaU  have  the  exclnsive  right  of  property  in  and  to  the 
land  nnder  water  lying  west  of  the  middle  of  the  bar  of  New  York,  and  west  of  the 
middle  of  that  part  of  the  Hudson  River  which  lies  between  Bianhattan  Island  and 
New  Jersey. 

2.  The  State  of  New  Jersey  shall  have  the  exolnsive  Jurisdiction  of  and  over  the 
wharves,  docks,  and  improvements  made  and  to  be  made  on  the  shore  of  the  said 
State ;  and  of  and  over  all  vessels  aground  on  said  shore,  or  fastened  to  any  such 
wharf  or  dock,  except  that  the  said  vessels  shall  be  subject  to  the  quarantine  or  health 
laws,  and  laws  ir  relation  to  passengers,  of  the  State  of  New  York,  which  now  exist 
or  which  may  hereafter  be  passed. 

3.  The  State  of  New  Jersey  shall  have  the  exclusive  right  of  regulating  the  fisheries 
on  the  westerly  side  of  the  middle  of  said  waters :  Provided,  That  the  navigation  be 
not  obstructed  or  hindered. 

Abticle  fourth.  The  State  of  New  York  shall  have  exclusive  Jurisdiction  of  and 
over  the  waters  of  the  Kill  Yon  Kull  between  Staten  Island  and  New  Jersey  to  the 
westernmost  end  off  Shorter's  Island  in  respect  to  such  quarantine  laws,  and  laws 
relating  to  passeogers,  as  now  exist  or  may  hereafter  be  passed  under  the  authority  of 
that  State,  and  for  executing  the  same;  and  the  said  State  shall  also  have  exclusive 
Jurisdiction,  for  the  like  purposes,  of  and  over  the  waters  of  the  sound  from  the  west- 
ermost  end  of  Shorter's  Island  to  Woodbridge  Creek,  as  to  all  vessels  bound  to  any 
port  in  the  said  State  of  New  York. 

Article  futh.  The  State  of  New  Jersey  shall  have  and  ei^joy  exclusive  Jurisdic- 
tion of  and  over  all  the  waters  of  the  sound  between  Staten  Island  and  New  Jersey 
lying  south  of  Woodbridge  Creek,  and  of  and  over  all  the  waters  of  Raritan  Bay  lying 
westward  of  a  line  drawn  from  the  light>house  at  Prince's  Bay  to  the  mouth  of  Mat- 
tavan  Creek ;  subject  to  the  following  rights  of  property  and  of  Jurisdiction  of  the 
State  of  New  York,  that  is  to  say : 

1.  The  State  of  New  York  shall  have  the  exclusive  right  of  property  in  and  to  the 
land  under  water  lying  between  the  middle  of  the  said  waters  and  Staten  Island. 

2.  The  State  of  New  York  shall  have  the  exclusive  Jarisdiotion  of  and  over  the 
wharves,  docks,  and  improvements  made  and  to  be  made  on  the  shore  of  Staten  Isl- 
and, and  of  and  over  all  vessels  aground  on  said  shore,  or  fastened  to  any  such  wharf  or 
dock  'f  except  that  the  said  vessels  shall  be  subject  to  the  quarantine  of  health  laws, 
and  laws  in  relation  to  passengers  of  the  State  of  New  Jersey  which  now  exist  or 
which  may  hereafter  be  passed. 

3.  The  State  of  New  York  shall  have  the  exclusive  right  of  regulating  the  fisheries 
between  the  shore  of  Staten  Island  and  the  middle  of  said  waters :  Provided^  That 
the  navigation  of  the  said  waters  be  not  obstructed  or  hindered. 

•  •  •»•••• 

In  1876  commissioners  were  appointed  to  re-locate  the  land  boundary 
between  New  York  and  New  Jersey,  and  replace  monuments  that  may 
have  become  dilapidated  or  removed,  or  to  erect  new  ones,  etc.  ( Vide 
Eev.  of  N.  J.,  1877.) 

The  above  commissioners  found  in  some  cases  a  slight  discrepancy 
between  the  original  marks  and  the  verbal  description  thereof,  and  the 
legislatures  of  each  State  ordered  that  the  original  monuments  should 
be  considered  the  true  boundary.  {See  acts  of  New  York,  1880,  and 
acts  of  New  Jersey,  1881.) 
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In  1881  a  joint  commission  of  the  two  States  was  appointed  for  the 
porpose  of  retracing  and  remarking,  in  a  permanent  manner,  this 
boundary.    This  work  was  completed  in  a  thorough  manner  in  1883. 

In  1887  a  joint  commission  of  the  two  States  was  appointed  to  deter- 
mine and  mark  the  boundary  between  the  two  States,  through  Raritan 
Bay.  This  commission  came  to  an  agreement,  the  terms  of  which  are 
as  follows : 

First.  From  "Great  Beds  light-hooae/'  in  Raritan  Bay,  north,  twenty  degrees  six- 
teen minaies  west,  trne,  to  a  point  in  the  middle  of  tiie  waters  of  Arthar  Kill,  or 
Staten  Island  Sound,  equidistant  between  the  southwesterly  comer  of  the  dwelling 
house  of  David  C.  Butler,  at  Ward's  Point,  on  Staten  Island,  in  the  State  of  New 
York,  at  the  southeasterly  comer  of  the  brick  building  on  the  lands  of  Cortlandt 
L.  Parker,  at  the  intersection  of  the  westerly  line  of  Water  street  with  the  northerly 
line  of  Lewis  street,  in  Perth  Am  boy,  in  the  State  of  New  Jersey. 

Second,  From  "Great  Beds  light-house"  south,  sixty-four  degrees  and  twenty-one 
minutes  east,  true  (S.  64^  2V  £.),  in  line  with  the  center  of  Waackaack  or  Wilson's 
beacon,  in  Monmouth  County,  New  Jersey,  to  a  point  at  the  intersection  of  said  line 
with  a  line  connecting  "Morgan  No.  2''  triangulation  point,  U.  S.  Coast  and  Geo- 
detic Survey,  in  Middlesex  County,  New  Jersey,  with  the  ''Granite  and  Iron 
beacon,''  marked  on  the  accompanying  maps  as  *'  Romer  stone  beacon,"  situated  on 
the  "Dry  Romer  shoal;"  and  thence  on  a  line  bearing  north,  seventy-seven  degrees 
and  nine  minutes  east,  true  (N.  77^  9'  £.),  connecting  "Morgan  No.  2"  triangula- 
tion point,  U.  S.  Coast  and  Geodetic  Survey,  in  Middlesex  County,  New  Jersey,  with 
said  "Romer  stone  beacon"  (the  line  passing  through  said  beacon  and  oontinning 
in  the  same  direction),  to  a  point  at  its  intersection  with  a  line  drawn  between  the 
"Hook  beacon,"  on  Sandy  Hook,  New  Jersey,  and  the  triangulation  point  of  the 
U.  S.  Geodetic  Survey,  known  as  the  Oriental  Hotel,  on  Coney  Island,  New  York; 
then  southeasterly,  at  right  angles  with  the  last  mentioned  lino  to  the  main  sea. 

Third.  The  monumental  marks  by  which  said  boundary  line  shall  be  hereafter 
known  and  recognized  are  hereby  declared  to  bo  as  follows: 

1.  The  "Great  Beds  light-house." 

2.  A  permanent  monument  marked  "State  boundary  line  New  York  and  New 
Jersey,"  and  to  be  placed  at  the  intersection  of  the  line  drawn  from  the  "Great 
Beds  light-house"  to  "Waackaack  or  Wilson's  beacon,"  Monmouth  County,  New 
Jersey,  and  the  lino  drawn  from  "Morgan  No.  2"  triangulation  point,  U.  S.  Coast 
and  Geodetic  Survey,  in  Middlesex  County,  New  Jersey,  to  "Romer  stone  beacon." 

3.  Eight  buoys  or  spindles,  to  be  marked  like  the  permanent  monument  al>oTe 
mentioned,  and  placed  at  suitable  intervening  points  along  the  line  from  tho  said 
permanent  monument  to  the  "Romer  stone  beacon." 

4.  The  "Romer  stone  beacon." 

In  the  year  1774  commissions  were  appointed  by  New  York  and  Penn- 
sylvania to  fix  the  beginning  of  the  forty-third  degree  of  north  latitude 
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ou  the  Mohawk  or  western  branch  of  Delaware  Biver,  which  is  the 

northeast  corner  of  Pennsylvania,  and  to  proceed  westward  and  fix  the 

line  between  Pennsylvania  and  New  York. 

These  commissioners  reported  in  December  of  the  same  year  that 

they  fixed  the  said  northeast  comer  of  Pennsylvania,  and  marked  it  as 

follows,  viz : 

On  a  small  island  in  the  said  river  they  planted  a  stone  marked  with  the  letters 
and  figures.  New  York,  1774,  cnt  on  the  north  side  thereof;  and  the  letters  and  fig- 
ures, latitude  42^  variation  4°  20^,  cnt  on  the  top  thereof;  and  in  a  direction  due 
west  from  thence  on  the  west  side  of  the  said  branch  of  Delaware,  collected  and 
placed  a  heap  of  stones  at  the  water  mark ;  and  proceeding  further  west  four  perches, 
planted  another  stone  in  the  said  line  marked  with  the  letters  and  figures,  Pennsyl- 
vania, 1774,  cnt  on  the  south  side  thereof,  and  the  letters  and  figures,  latitude  A29 
variation  4^  20',  cut  on  the  top  thereof,  and  at  the  distance  of  eighteen  perches  due 
west  from  the  last-mentioned  stone  marked  an  ash  tree.  The  rigor  of  the  season  pre- 
vented them  running  the  line  farther. 

Nothing  farther  seems  to  have  been  done  antill786-'7,  when  com- 
missioners were  appointed  to  finish  the  work  thus  begun  {see  Gary  & 
Biordeu's  Laws  of  Pennsylvania,  Vol.  Ill,  page  392),  and  the  lines  were 
run  and  monuments  erected.  The  line  was  ratified  in  1789,  and  is  as 
follows,  viz  : 

Beginning  at  a  point  in  Lake  Erie,  where  the  honndary  line  between  the  United  States 
and  Great  Britain  is  intersected  by  a  meridian  line  drawn  through  the  most  westerly 
bent  or  inclination  of  Lake  Ontario ;  then  south  along  said  meridian  line  to  a  monument 
in  the  beginning  of  the  forty -third  degree  of  north  latitude,  erected  in  the  year  one 
thousand  seven  hundred  and  eighty-seven,  by  Abraham  Herdenbergh  and  William 
W.  Moms,  commissioners  on  the  part  of  this  State,  and  Andrew  EUicott  and  Andrew 
Porter,  commissioners  on  the  part  of  the  State  of  Pennsylvania,  for  the  purpose  of  mark- 
ing the  termination  of  the  line  of  Jurisdiction  between  this  State  and  the  said  State 
of  Pennsylvania ;  then  east  along  the  line  established  and  marked  by  said  last-men- 
tioned commissioners  to  the  ninetieth  mile-stone  in  the  same  parallel  of  latitude, 
erected  in  the  year  one  thousand  seven  hundred  and  eighty-six,  by  James  Clinton 
and  Simeon  DeWitt,  commissioners  on  the  part  of  this  State,  and  Andrew  EUioott, 
commissioner  on  the  part  of  Pennsylvania ;  which  said  ninetieth  mile-stone  stands 
on  the  western  side  of  the  south  branch  of  the  Tioga  River;  then  east  along  the 
line  established  and  marked  by  said  last-mentioned  commissioners,  to  a  stone  erected 
in  the  year  one  thousand  seven  hundred  and  seventy-four,  on  a  small  island  in  the 
Delaware  River,  by  Samuel  Holland  and  David  Rittenhouse.  commissioners  •n  the  part 
of  the  colonies  of  Pennsylvania  and  New  York,  for  the  purpose  of  marking  the  begin- 
ning of  the  forty-third  degree  of  north  latitude ;  then  down  along  said  Delaware  River 
to  a  point  opposite  to  the  fork  or  branch  formed  by  the  Junction  of  the  stream  called 
Mahackamack  with  the  said  Delaware  River,  in  the  latitude  of  forty-one  degrees, 
twenty-one  minutes  and  thirty-seven  seconds  north ;  then  in  a  straight  line  to  the 
termination  on  the  east  bank  of  the  Delaware  River  of  a  line  run  in  the  year  one 
thousand  seven  hundred  and  seventy-four,  by  William  Wickham  and  Samuel  Gale, 
commissioners  on  the  part  of  the  then  colony  of  New  York,  and  John  Stevens  and 
Walter  Rutherfbrd,  commissioners  on  the  part  of  the  then  colony  of  New  JeiBey. 
{See  Revised  Statutes  of  New  York,  1881.) 

The  meridian  line  forming  the  western  boundary  of  New  York  was 
surveyed  and  mapped  in  1790  by  Andrew  EUicott,  as  United  States 
commissioner  (Pa.  Archives,  Vol.  XII — Map),  and  the  latitude  form^xV^ 
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inscribed  on  the  monmnent  on  Lake  Erie,  fixing  the  western  boundary, 
was  420  16^  13^'.    The  report  of  the  commissioner  has  not  been  found. 

In  1865  Dr.  Peters,  director  of  Hamilton  College  Observatory,  under 
the  directions  of  the  Regents  of  the  University  of  New  York,  determined 
the  latitude  and  longitude  of  the  boundary  monument  aforesaid,  with 
the  following  result :  Latitude,  42©  16'  2".8 ;  longitude,  79©  iS'  54''.4. 
{Vide  Dr.  Peters'  Eeport,  1868.) 

In  1877  the  parallel  of  the  forty-second  degree  north  latitude  was 
ascertained  at  four  points,  by  the  New  York  and  Pennsylvania  Joint 
Boundary  Commission,  with  the  following  result,  viz : 

1.  At  Travis  Station  (Hale's  Eddy),  very  near  the  east  end  of  that 
part  of  the  New  York  and  Pennsylvania  line  supposed  to  be  on  the 
forty  second  parallel,  the  old  line  was  found  to  be  275  feet  north  of  the 
parallel. 

2.  At  Finn's  Station,  about  20  miles  fix)m  east  end  (Great  Bend),  the 
line  is  350  feet  sonth  of  the  parallel. 

3.  At  Burt's  Station,  about  70  miles  irom  east  end  (Wellsburg),  the 
line  is  760  feet  north  of  the  parallel. 

4.  At  Clark's  Station,  abo*^t  253  miles  from  east  end  (Wattsbnrg),  the 
line  is  150  feet  north  of  the  parallel. 

(See  pamphlet,  Report  of  Penn.  Board  of  the  Penn.  &  N.  Y.  Joint 
Boundary  Comm.) 


NEW   JERSEY. 

Although  the  original  grants  irom  the  French  and  English  sov- 
ereigns of  1603  and  1606  covered  the  territory  forming  the  present 
State  of  New  Jersey,  the  grant  which  first  directly  relates  to  New  Jer- 
sey is  that  given  in  1664  by  the  Duke  of  York  to  Lord  John  Berkeley 
and  Sir  G^rge  Carteret,  two  months  before  the  setting  out  of  his  ex- 
pedition to  take  possession  of  New  York. 

The  following  extract  from  that  grant  defines  the  boundaries,  viz : 


All  that  tract  of  land  adjacent  to  New  England,  and  lying  and  being  to  the 
ward  of  Long  Island  and  Manhitaa  Island,  and  bounded  on  the  east  part  by  the 
main  sea  and  part  by  Hudson's  River,  and  hath  upon  the  west  Delaware  Bay  or 
riyer,  and  extendeth  southward  to  the  main  ocean  as  far  as  Cape  May,  at  the  month 
of  Delaware  Bay,  and  to  the  northward  as  far  as  the  northernmost  branch  of  the  said 
bay  or  rirer  of  Delaware,  which  is  forty-one  degrees  and  forty  minutes  of  latitude, 
and  crosseth  oyer  thence  in  a  strait  line  to  Hudson's  River  in  forty-one  degrees  of  lati- 
itude ;  which  said  tract  of  land  is  hereafter  to  be  called  by  the  name  or  names  of  New 
Ceaserea  or  New  Jersey.  (Vide  Grants,  Concessions,  etc.,  of  New  Jersey,  Leamiag 
&  Spioer,  p.  8.) 

In  March,  1673,  Lord  Berkeley  sold  his  undivided  moiety  of  New  J^. 
ley  to  John  Fenwick,  by  whom,  in  the  following  year,  it  was  again  sold. 
Hr  li  1676,  was  executed  the  famous  ^'Quintipartite  deed,"  by  which 
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the  eastern  part  was  given  to  Sir  George  Carteret,  to  be  called  Bast  Kew 
Jersey,  and  the  western  part  to  the  other  proprietors,  to  be  called  West 
New  Jersey.  Sir  George  Carteret,  at  his  death  in  1678,  left  his  land  to 
be  sold.  It  was  sold  in  1682  to  the  twelve  proprietors,  who  admitted 
other  partners. 

Confirmation  grants  were  made  to  the  proprietors  of  both  provinces 
by  the  Dnke  of  York,  and  confirmed  by  the  King,  bat  between  1697  and 
1701  the  proprietors  repeatedly  made  petitions  to  be  allowed  to  surren- 
der their  right  of  government  to  the  Grown.  Accordingly,  in  1702,  the 
surrender  was  made  and  accepted  by  the  Qneen,  and  both  parts  united 
were  made  the  province  of  New  Jersey.  ( Vide  Leaming  and  Spicer's 
grants,  etc.) 

(For  the  history  of  the  northern  and  eastern  boundary,  vide  New  York, 
p.  78.) 

The  grant  from  the  Duke  of  York  to  Berkeley  and  Carteret  defined* 
the  west  boundary  of  New  Jersey  to  be  the  Delaware  River.  ( Vide 
p.  82.) 

The  line  between  New  Jersey  and  Delaware  is  thus  described  in  the 
Revised  Statutes  of  Delaware,  p.  2,  viz: 

Low-water  mark  on  the  eastern  side  of  the  river  Delaware^  within  the  twelye-mile 
circle  firom  New  Castle  and  the  middle  of  the  bay,  below  said  circle. 

In  1876  the  legislature  of  New  Jersey  authorized  the  governor  to  com- 
mence a  suit  in  the  Supreme  Court  of  the  United  States  to  settle  the 
boundary  between  New  Jersey  and  Delaware.  New  Jersey  claimed 
jurisdiction  to  the  middle  of  the  Delaware,  so  far  as  the  river  and  bay 
is  a  boundary  between  the  two  States.  ( Vide  Revision  of  New  Jersey, 
p.  1186.) 

In  1783  Commissioners  were  appointed  by  New  Jersey  and  Pennsyl- 
vania to  settle  the  jurisdiction  of  the  river  Delaware  and  the  islands 
within  the  same.  Their  rei>ort  was  ratified,  and  is  in  substance  as  fol- 
lows: 

First.  It  is  declared  that  the  river  Delaware  from  the  station  point 
or  northwest  comer  of  New  Jersey,  northerly  to  the  place  ui>on  the  said 
river  where  the  circular  boundary  of  the  State  of  Delaware  touches 
upon  the  same,  in  the  whole  length  and  breadth  thereof,  is  and  shall 
continue  to  be  and  remain  a  common  highway,  equally  free  and  open 
for  the  use,  benefit,  and  advantage  of  the  said  contracting  parties,  etc. 

Second.  That  each  State  shall  eiyoy  and  exercise  a  concurrent  juris- 
diction within  and  upon  the  water,  and  not  upon  the  dry  land  between 
the  shores  of  said  river,  etc 

Third.  That  all  islets,  islands,  and  dry  land  within  the  bed  and  be- 
tween the  shores  of  said  river,  and  between  said  station  point  northerly 
and  the  falls  of  Trenton  southerly,  shall,  as  to  jurisdiction,  be  hereafter 
deemed  and  considered  as  parts  and  parcels  of  the  State  to  which  such 
insulated  dry  land  doth  lie  nearest  at  the  time  of  making  this  agree- 
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ment,  and  that  from  said  falls  of  Trenton  to  the  State  of  Delaware 
southerly,  certain  islands  (in  the  agreement  they  are  named  B)  be  an- 
nexed to  each  State  respectively.  ( Vide  Revision  of  New  Jersey,  p. 
1181.) 

In  1786  commissioners  were  appointed  by  New  Jersey  and  Pennsyl- 
vania for  more  accurately  determining  and  describing  the  islands  men- 
tioned in  the  foregoing  agreement ;  that  is,  those  in  the  Delaware  from 
the  northwest  comer  of  New  Jersey  down  to  the  falls  of  Trenton.  Their 
rei>ort  was  ratified,  and  a  long  list  of  islands,  described  by  name  in  the 
act,  were  annexed  to  each  State  respectively.  ( Vide  Revision  of  New 
Jersey,  pp.  1 182-^3.) 


PENNSYLVANIA. 

'  The  Swedish  West  India  Company,  chartered  by  the  King  of  Swe- 
den in  1625,  established  the  first  permanent  settlement  on  the  west  bank 
of  the  Delaware,  occupying  a  part  of  the  territory  now  in  Pennsylvania 
and  Delaware,  although  the  Dutch  had  previously  established  trading 
posts,  which  had  been  destroyed  by  the  Indians.  The  Swedes  acquired, 
by  successive  purchases  from  the  Indian  chiefs,  all  the  land  extending 
from  Gape  Heulopen  to  the  great  falls  of  the  Delaware,  calling  it  New 
Sweden.    ( Vide  0.  and  C,  p.  1509.) 

In  1655  this  territory  was  surrendered  to  the  Duteh.  ( Vide  Hazard's 
Annals  of  Pennsylvanin,  p.  185.) 

By  the  conquest  of  the  New  Netherlands,  in  1664,  the  Duke  of  York 
seems  to  have  successfully  claimed  the  settlements  on  the  west  bank  of 
the  Delaware  as  a  part  of  his  dominions. 

In  1681  Charles  II  of  England  granted  to  William  Penn  the  Province 
of  Pennsylvania.  The  following  extract  from  the  charter  defines  the 
boundaries : 

*  *  *  all  that  Tracto  or  Parte  of  Land  in  America,  with  all  the  lalanda  therein 
oonteyned,  as  the  same  is  bounded  on  the  East  by  Delaware  River,  from  twelve  miles 
distanoe  Northwards  of  New  Castle  Towne  unto  the  three  and  fortieth  defirree  of  North- 
erne  Latitude,  if  the  said  Rivor  doeth  extende  so  farre  northwards ;  But  if  the  said 
River  shall  not  extend  soe  farre  Northward,  then  by  the  said  River  soe  farr  as  it  doth 
extend ;  and  from  the  head  of  the  said  River  the  Eastern  Bounds  are  to  bee  determined 
by  a  Meridian  Line,  to  bee  drawue  from  the  head  of  the  said  River,  unto  the  said  three 
and  fortieth  degree.  The  said  Lauds  to  extend  westwards  five  degrees  in  lougitude,  to 
bee  computed  from  the  said  Easteme  Bounds ;  and  the  said  Lands  to  bee  bounded  on 
the  North  by  the  bepjinning  of  the  three  and  fortieth  degree  of  Northern  Latitude,  and 
on  the  South  by  a  Circle  drawee  at  twelve  miles  distance  fix)m  New  Castle  Northward 
and  Westward  unto  the  beginning  of  the  fortieth  degree  of  Northern  Latitude,  and 
thence  by  a  streight  Line  Westward  to  the  Limit  of  Longitude  above  mentioned. 

William  Penn,  in  order  to  perfect  his  title,  procured  of  the  Duke  of 
York  a  deed  bearing  date  August  21, 1682,  by  which  the  Duke  of  York 
conveyed  to  him  all  title  and  claim  which  he  might  have  to  the  province 
of  Pennsylvania.    (Vide  Hazard's  Annals  of  Pa.,  586  ei  seq.) 
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He  also  purchased  of  tlie  Dake  of  York  the  territory  now  compris- 
ing the  State  of  Delaware,  which  he  held  until  1701-'2,  when  he  granted 
a  charter  which  enabled  them  to  set  up  a  separate  government,  though 
still  under  proprietary  control.    ( Vide  O.  and  0.,  p.  270  et  seq.) 

(For  a  history  of  the  northern  and  eastern  boundaries  of  Pennsylva- 
nia, see  New  York  and  New  Jersey,  pp.  80  and  83.] 

That  part  of  the  southern  boundary  of  Pennsylvania  between  Penn- 
sylvania and  Delaware  is  an  arc  of  a  circle,  having  for  its  center  the 
steeple  of  the  old  court-house  at  New  Castle,  Del.,  and  a  radius  of  12 
miles.  This  was  surveyed  and  marked  under  a  warrant  from  William 
Penn  in  1701.    ( Vide  Hazard's  Annals  of  Pennsylvania.) 

This  circular  line,  in  connection  with  adjacent  lines,  was  made  the 
subject  of  controversy  for  many  years. 

According  to  the  original  grants  of  Pennsylvania  and  Maryland  the 
boundary  between  them  was  to  be  the  fortieth  degree  of  north  latitude. 

This  line  being  found  to  pass  north  of  Philadelphia  and  to  exclude 
Pennsylvania  from  Delaware  Bay,  negotiations  ensued  between  the 
proprietors  to  rectify  this  geographical  blunder,  and  for  nearly  a  cen- 
tury the  matter  remained  unsettled. 

In  the  year  1732  an  agreement  was  made  to  fix  the  boundary.  Oom- 
missioners  were  appointed  in  that  year,  and  subsequbntly  in  1739,  to  run 
the  line,  but  they  failed  to  agree,  and  chancery  suits  were  the  result. 
Taking  a  decision  of  Lord  Chancellor  Hardwick  in  1750  as  a  basis  of 
final  adjudication,  an  agreement  was  signed  July  4,  1760.  By  this 
agreement  the  line  between  Pennsylvania  and  Delaware  on  the  one 
part  and  Maryland  on  the  other  was  determined  as  follows,  viz : 

A  due  east  and  west  line  should  be  run  across  the  peninsula  fh>m 
Cape  Henlopen  to  the  Chesapeake  Bay.  From  the  exact  middle  of 
this  line  should  be  drawn  a  line  tangent  to  the  western  periphery  of  a 
circle,  having  a  radius  of  12  English  statute  miles,  measured  horizon- 
tally from  the  center  of  the  town  of  New  Castle.  From  the  tangent 
point  a  line  should  be  drawn  due  north  until  it  cut  a  parallel  of  latitude 
15  miles  due  south  of  the  most  southern  part  of  the  city  of  Philadelphia, 
this  point  of  intersection  to  be  the  northeast  comer  of  Maryland ;  thence 
the  line  should  run  due  west  on  said  parallel  as  far  as  it  formed  a  boun- 
dary between  the  two  governments.    ( Vide  Delaware,  p.  87.) 

In  1 760  commissioners  and  surveyors  were  appointed,  who  si>ent  tliree 
years  in  measuring  the  base  line  and  the  tangent  line  between  Maryland 
and  Delaware. 

The  proprietors  then,  wearied  with  the  delay,  sent  over  from  England 
two  famous  mathematicians,  Charles  Dixon  and  Jeremiah  Mason,  who 
verified  the  work  of  their  predecessors,  and  ran  the  line  west  between 
Pennsylvania  and  Maryland,  since  known  as  '^  Mason  and  Dixon's  line." 

Mason  and  Dixon  fixed  the  latitude  of  this  line  at  39^  43'  18'^  A 
resurvey  in  1850  by  Colonel  Graham  determined  it  to  be  39^  43'  26''.3. 
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MatM)n  and  Dixon  began  their  work  in  1763,  and  were  stopped  by  In- 
dians in  1767,  having  ran  the  line  aboat  244  miles  west  of  the  Delawaro, 
not  quite  finishing  their  work.  They  put  ap  mile  stones  all  along  said 
Une,  every  fifth  one  being  marked  with  the  arms  of  the  lespeotive  pro- 
prietors. 

In  conseqaence  of  the  accidental  removal  of  the  stone  at  the  north- 
east comer  of  Maryland,  commissioners  were  appointed  in  1850  by  Penn- 
sylvania, Delaware,  and  Maryland  to  revise  the  former  sorv^,  which 
was  done  by  Lieutenant-Colonel  Oraham,  of  tlie  United  States  topo- 
graphical engineers.  The  result  confirmed  the  work  of  Mason  and 
Dixon,  and  Maryland  gained  by  the  resurvey  a  little  less  than  two 
acres. 

(For  a  fidl  report  of  the  running  of  Mason  and  Dixon's  line  in  1763-^67, 
and  the  verification  by  Colonel  Graham  in  1850,  see  Senate  Jonmal  of 
Delaware  for  1851,  pages  56-109.) 

In  1784  the  report  of  the  commissioners  who  had  been  appointed  to  fix 
the  boundaries  between  Virginia  and  Pennsylvania  (West  Virginia  then 
forming  part  of  Virginia)  was  confirmed,  and  the  lines  so  fixed  are  as 
follows^  viz: 

The  line  oommonly  called  Maeon  and  Dixon'e  line  to  be  extended  doe  west  fivie  de- 
grees of  longitude  from  *the  river  Delaware,  for  the  sonthem  boondary  of  PeoiMTl- 
Yania,  and  a  meridian  drawn  from  the  western  extremity  theieof  to  the  nortimn 
limits  of  the  said  States,  respectively,  be  the  western  boundary  of  Pemi^ylTaiiia. 
( Vide  C.  and  B.  laws  of  Pennsylvaniay  Vol.  11,  p.  4d5,  and  Hening's  Virginia,  Yol.  XI, 
p.  564.) 

By  the  cession  of  1784,  by  Virginia  to  the  United  States — and  that  of 
1800,  by  Gonnecticat  to  the  United  States,  and  the  formation  of  the 
State  of  West  Virginia  from  a  portion  of  Virginia  in  1862 — the  above- 
mentioned  meridian  line  becomes  the  boundary  between  Pennsylvania 
on  the  east,  and  Ohio  and  West  Virginia  on  the  west. 

By  an  examination  of  the  cession  of  1781,  by  New  York  to  the  United 
States,  it  will  be  seen  that  a  small  triangular  tract  on  Lake  Brie  was 
left  in  the  hands  of  the  General  Gk)vemment.  This  was  sold  to  Penn- 
sylvania in  1792. 


DELAWARE. 

The  State  of  Delaware  was  originally  settled  by  the  Swedes.  ( Vide 
Pennsylvania,  p.  84.)  In  1635  it  was  surrendered  to  the  Dutch,  who, 
in  1664,  in  turn  surrendered  it  to  the  English,  and  it  was  taken  posses- 
sion of  by  the  Duke  of  York. 

William  Penn,  having  received  in  1682  a  grant  of  the  province  of 
Pennsylvania,  bought  of  the  Duke  of  York  the  territory  comprising 
the  present  State  of  Delaware     It  was  conveyed  to  him  by  two  deeds 
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of  feo£EmeDt,  dated  Aagnst  24, 1682,  one  conveying  tbe  town  of  New 
Castle  and  a  twelve-mile  circle  around  the  same,  and  the  other  convey- 
ing all  the  lands  south  of  said  circle  to  Cape  Henlopen.  (See  Hazard's 
Annals  of  Pennsylvania,  p.  588,  et  seq.) 

Soon  after  the  grant  made  by  the  royal  charter  aforesaid,  an  as- 
sembly of  the  province  and  three  lower  counties  (then  called  the  ter- 
ritories) was  called  by  the  proprietary  and  governor  aforesaid,  which 
met  at  Chester  on  the  seventh  day  of  December,  1682,  when  the  follow- 
ing laws,  among  others,  were  passed,  to  wit : 

•  •    •    Since    *    •    *    it  has  pleased  King  Charles  the  Second    •    •    •    to  grant 

*  *     *  William  Penn,  esq.,      •    •    •    this  Province  of  Pennsylvania    •    ♦    • 
And    *    James  Dnke  of  York  and  Alhany    *    *    *    to  release  his  right  and  claim 
*     *    *    to  the  Province  of  Pennsylvania    •    •    •    and    *    *    *    to  grant  onto  the 
said  William  Penn    •    •    *    all  that  tract  of  land  from  twelve  miles  northward  of  New 
Castle,  on  the  river  Delaware,  down  to  the  Sonth  Cai>e  (commonly  caUed  Cape  Hen- 
lopen, and  hy  the  Proprietary  and  Governor  now  called  Cape  Jomns)  lying  on  the 
west  side  of  the  said  river  and  bay,    •    •    •    lately  cast  into  three  connties,  caUed 
New  Castle,  Jones,  and  Whorekills  (alias  New  Dale.    *    *    *    Be  it  enacted    *    * 
that  the  coonties  of  New  Castle,  Jones,  and  Whorekills  alias  New  Dale      •    •    • 
are  annexed  to  the  Province  of  Pennsylvania.    *    *    *    (Dallas'  Laws  of  Pennsylva- 
nia, 1797,  Vol.  I,  Appendix,  p.  S4,  ei  9eq). 

In  1701  William  Penn  granted  a  charter,  under  which  the  province 
of  Pennsylvania  and  the  territories  (as  Delaware  was  then  called)  were 
made  separate  governments,  thoagh  both  were  still  under  the  proprie- 
tary government  of  William  Penn.    (O.  &  C,  p.  270.) 

By  the  Revolution  the  '^ territories"  became  the  State  of  Delaware^ 
with  substantially  her  present  boundaries. 

(For  a  history  of  the  boundaries  between  Delaware  and  Pennsylvania, 
vide  Pennsylvania,  p.  85,  and  between  Delaware  and  New  Jersey,  vide 
New  Jersey,  p.  83,  et  Mq.) 

From  1732  to  1769  there  was  a  controversy  between  the  proprietors 
of  Pennsylvania  and  Maryland  in  regard  to  boundaries  (vide  p.  85). 
The  boundaries  of  Delaware  on  the  north  and  west— Delaware  then  be- 
ing under  the  jurisdiction  of  Pennsylvania — were  determined  as  follows, 
viz: 

Beginning  at  Gape  Henlopen  and  running  due  west  34  miles  309 
perches;  thence  in  a  straight  line  81  miles  78  chains  and  30  links  up 
the  peninsula  until  it  touches  and  makes  a  tangent  to  the  western  per- 
iphery of  a  circle,  drawn  at  the  horizontal  distance  of  twelve  English 
statute  miles  from  the.  center  of  the  town  of  New  Castle. 

From  this  tangent  point  a  line  was  run  due  north  till  it  cut  a  parallel 
of  latitude  15  miles  due  south  of  the  most  southern  part  of  the  dty  of 
Philadelphia.  This  point  of  intersection  is  the  northeast  comer  of 
Maryland.  The  tangent  Une  bearing  a  little  west  of  north,  the  due 
north  line  from  the  tangent  i>oint  cuts  off  an  arc  of  the  12-mile  circle. 
The  boundary  line  follows  the  arc  of  the  circle  from  the  tangent  point 
around  to  the  i>oint  where  the  due  north  line  intersects  the  12-mile 
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circle,  then  follows  said  dae  north  line  to  said  northeast  comer  of  Mary- 
land. The  length  of  said  dne  north  line  is  5  miles  1  chain  and  50  linkB, 
as  given  by  Mason  and  Dixon.    ( Vide  Joor.  Del.  Sen.,  1851,  p.  56  et  seq.) 

By  the  agreement  of  1760,  based  on  the  decree  of  Chancellor  Hard- 
wick,  a  dne  east  and  west  line  should  lie  run  across  the  peuinsula  firom 
Gape  Henlopen  to  Chesapeake  Bay,  etc.  The  decree  of  Lord  Hardwick 
says,  touching  the  position  of  Cape  Henlopen,  ^<  that  Cape  Henlopen 
ought  to  be  deemed  and  taken  to  be  situated  at  the  place  where  the  same 
is  laid  down  and  described  in  the  map  or  plan  annexed  to  the  said  arti- 
cles to  be  situated,  and  therefore  his  lordship  doth  further  order  and 
decree  that  the  said  articles  be  carried  into  execution  accordingly,'' etc. 

In  Hazard's  Annals  of  Pennsylvania,  p.  5,  is  found  the  following,  vis: 
'^  The  cape  now  called  Henlopen  was  then  called  Comelis." 

William  Penn  directed  that  Cape  Henlopen  be  called  Obi]^  James. 
{Vide  Hazard's  Pennnsylvania,  p.  606;  also  vide  Act  of  anion  of  tha 
territories  to  Pennsylvania.) 

The  foregoing  statements  explain  the  seeming  incongmity  betweeo 
the  base  line  across  the  peninsula  and  the  position  of  Cape  Henlopen 
as  laid  down  on  all  modem  maps. 


MARYLAND. 

The  territory  comprising  the  present  area  of  Maryland  was  included 
in  the  previous  charters  of  Virginia,  notwithstanding  which,  in  the 
year  1632,  Lord  Baltimore  received  a  royal  grant  of  the  province  of 
Maryland,  whose  boundaries  are  defined  in  the  following  extract: 

Ail  that  part  of  the  Peninsula  or  Chersonese,  lying  in  parts  of  America,  between 
the  ocean  on  the  east  and  the  Bay  of  Chesapeake  on  the  west ;  divided  from  the  pes- 
idne  thereof  by  a  right  line  drawn  from  the  promontory  or  headland  caUed  Watkins 
Point,  situate  upon  the  bay  aforesaid,  near  the  River  Wighco  on  the  west  ante  the 
main  ocean  on  the  east,  and  between  that  boundary  on  the  south  unto  that  part  of 
the  Bay  of  Delaware  on  the  north,  which  lieth  under  the  fortieth  degree  of  norUi 
latitude  from  the  equinoctial,  where  New  England  is  terminated ;  and  all  the  tniet 
of  that  land  within  the  metes  underwritten  (that  is  to  say),  passing  firom  the  said 
bay,  called  Delaware  Bay,  in  a  right  line,  by  the  degree  aforesaid,  nnto  the  true 
meridian  of  the  first  fountain  of  the  River  Pattowmack ;  thence  verging  towards  the 
south  unto  the  farther  bank  of  the  said  river,  and  following  the  same  on  the  west 
and  south  unto  a  certain  place  called  Cinquack,  situate  near  the  mouth  of  said  river, 
where  it  disembogues  into  the  aforesaid  Bay  of  Chesapeake,  and  thence  by  the  short- 
est line  unto  the  aforesaid  promontory  or  place  called  Watkins  Point,  so  that  the 
whole  tract  of  land  divided  by  the  line  aforesaid,  between  the  main  ocean  and  Wa^ 
kins  Point  unto  the  promontory  called  Cape  Charles,  may  entirely  reaiain  forever 
excepted  to  U8    *     *     *     *     *     *  . 

By  an  exaioiuatioii  of  the  limits  hiid  down  in  this  charter,  and  a  com- 
parison with  the  several  charters  of  Virginia  and  the  charter  and  deeds 
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to  William  Penn,  it  will  be  seen  that  there  was  a  conflict  of  bonndaries 
on  both  sides  of  the  Maryland  grant. 

The  history  of  the  long  controversy  with  Pennsylvania  has  already 
been  given  (vide  Pennsylvania,  p.  85,  and  Delaware,  p.  87).  Virginia  on 
the  south  claimed'  the  territory  under  her  charters,  and  for  a  time  seemed 
disposed  to  assert  her  claim,  notwithstanding  we  find  in  1638  a  procla- 
mation by  the  governor  and  council  of  Virginia  recognizing  the  prov- 
ince of  Maryland,  and  forbidding  trade  with  the  Indians  within  the  lim- 
its of  Maryland  without  the  consent  of  Lord  Baltimore  previously  ob- 
tained (vide  Bozman's  Maryland,  vol.  II,  p.  586).  Virginia's  claim  was 
finally  given  up  by  a  treaty  or  agreement  made  in  1658.  (For  a  full 
account  vide  Bozman's  Maryland,  p.  444  et  seq,) 

Id  1663  the  Virginia  assembly  ordered  a  survey  of  the  Hue  between 
Virginia  and  Maryland  on  the  peninsula,  and  declared  it  to  be  as  fol- 
lows, viz : 

From  Watkins  Point  east  across  the  peninsula. 

They  define  Watkins  Point 

To  be  the  north  side  of  Wicomicoe  River  on  the  Eastern  shore  and  neere  unto  and 
on  the  sooth  side  of  the  streight  limbe  opposite  to  Patozent  River. 

(Vide  Eening's  Virginia,  vol.  II,  p.  184.) 

In  1668  commissioners  were  api>ointed  by  Maryland  and  Virginia  to 
fix  the  boundary  across  the  peninsula.  The  commissioners  were  Philip 
Calvert,  esq.,  chancellor  of  Maryland,  and  Col.  Edmund  Scarbrugh,  his 
ms^esty's  surveyor-  general  of  Virginia.    Their  report  is  as  follows,  viz: 

*  *  *  After  a  ftdl  and  perfect  view  taken  of  the  point  of  land  made  hy  the  north 
side  of  Pocomoke  Bay  and  south  side  of  Annamessexs  Bay  have  and  do  oonolude  the 
same  to  be  Watkins  Point,  firom  which  said  point  so  oalledj  we  have  run  an  east  line, 
agreeable  with  the  extreamest  part  of  the  westermost  angle  of  the  said  Watkins 
Point,  over  Pocomoke  River  to  the  land  near  Robert  Holston's,  and  there  have  marked 
certain  trees  which  are  so  continued  by  an  east  line  running  over  Swansecutes  Creeke 
into  the  marsh  of  the  seaside  with  apparent  marks  and  boundaries  «  *  *  Signed 
June  25,  1868.  ( Vide  Md.  Hist.  Soo.  Coll.  of  State  papers,  volume  marked  4  L.  C.  B., 
pp.  63-64.) 

Virginia,  by  the  adoption  of  her  constitution  of  1776  (see  Article  21), 
relinquished  all  claim  to  territory  covered  by  the  charter  of  Maryland, 
thereby  fixing  Maryland's  western  boundary  as  follows : 

Commencing  on  a  true  meridian  of  the  first  fountain  of  the  river  Pattawmack, 
thence  verging  towards  the  south  unto  the  further  bank  of  the  said  river  and  follow- 
ing the  same  on  the  west  and  south  onto  a  certain  place  called  Ciuquack,  situate  near 
the  mouth  of  said  river  where  it  disembogues  into  the  aforesaid  bay  of  Chessopeake, 
and  thence  by  the  shortest  line  unto  the  aforesaid  promontory  or  place  called  Watkins 
Point,  thence  a  right  line  to  the  main  ocean  on  the  east.    (See  charter  of  Maryland.) 

The  foregoing  are  substantially  the  present  boundaries;  but  from  that 
time  up  to  the  present  a  controversy  has  been  going  on  concerning  them. 

In  1786  a  compact  was  entered  into  between  the  States  of  Maryland 
and  Virginia,  but  as  this  referred  more  particularly  to  thj^  waMsigb&^ss^ 
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and  exercise  of  jurisdiction  on  the  waters  of  Chesapeake  Bay,  the  Po- 
tomac and  Pooomoke  Bivers,  they  are  not  given  here.  ( Vide  Hening's 
Va.,  Vol.  XII,  p.  50.) 

Vtom  1821  to  1858  freqnent  legislation  took  place  in  regard  to  this 
boundary. 

In  the  last-named  year  commissioners  were  appointed  by  Maryland 
and  Virginia,  respectively,  who,  with  the  assistance  of  lieat.  N.  Mich- 
ler.  United  States  Engineers,  surveyed  the  lines. 

In  1860  the  governor  of  Virginia,  under  a  resolution  of  the  legisla- 
ture, appointed  and  sent  an  agent  to  England  to  collect  records  and 
documentary  evidence  bearing  on  this  question. 

The  rebellion  ensuing,  nothing  further  was  done  until  1807,  when 
legislation  again  commenced. 

The  question  of  this  boundary  was  referred  to  arbitrators  l^  an 
agreement  made  in  1874,  each  State  binding  itself  to  accept  their  award 
as  final  and  conclusive. 

J.  S.  Black,  of  Pennsylvania ;  William  A.  Oraham,  of  North  Oaro- 
lina,  and  Charles  A.  Jenkins,  of  Georgia,  were  api>ointed  arbitrators. 

William  A.  Graham  having  died,  James  B.  Beck,  of  Kentucky,  was 
api>ointed  in  his  stead. 

The  arbitrators  made,  in  1877,  the  following  award,  vis : 

Beginning  at  the  point  on  the  Potomac  RiTer  where  the  line  between  Yiigiiiia  and 
Weet  Virginia  strikes  the  said  river  at  low-water  mark,  and  thence  following  the 
meandetings  of  said  river  by  the  low-water  mark  to  Smith's  Point,  at  or  near  tii« 
month  of  the  Potomac,  in  the  latitude  37^  &3'  8''  and  longitude  T^P  19'  W;  thsoee 
crossing  the  waters  of  the  Chesapeake  Bay,  by  a  line  running  north  66P  30'  east, 
abont  nine  and  a  half  nautical  miles  to  a  point  on  the  western  shore  of  Smitii^ 
Island  at  the  north  end  of  Sassafras  Hammock,  in  latitude  37^  57'  13^%  longi- 
tude 76°  2f  52" ;  thence  across  Smith's  Island  south  &B9  30"  east  five  thonaand  ax 
hundred  and  twenty  yards  to  the  center  of  Horse  Hammock,  on  the  eastern  shore 
of  Smith's  Island,  in  latitude  37^  57'  8",  longitude  75^  59'  20" ;  thence  south  79° 
30'  east  four  thousand  eight  hundred  and  eighty  yards  to  a  point  marked  "A* 
on  the  accompanying  map,  in  the  middle  of  Tangier  Sound,  in  latitude  37^  SS 
48",  longitude  75^  56'  23",  said  point  bearing  from  James  Island  li|^t  aoath  bV* 
west,  and  distant  from  that  light  three  thousand  five  hundred  and  sixty  yards; 
thence  south  10^  30'  west  four  thousand  seven  hundred  and  forty  yards  by  a  line  di- 
viding the  waters  of  Tangier  Sound,  to  a  point  where  it  intersects  the  straight  line 
from  Smith's  Point  to  Watkins  Point,  said  point  of  intersection  being  in  latitude  37° 
64'  21",  longitude  75^  56'  55",  bearing  from  James  Island  light  south  29^  west  and 
from  Horse  Hammock  south  34^  30'  east.  This  point  of  intersection  is  marked  "  B" 
on  the  accompanying  map.  Thence  north  85^  15'  east  six  thousand  seven  hundred  and 
twenty  yards  along  the  line  above  mentioned,  which  runs  from  Smith's  Point  to  Wat- 
kins  Point  until  it  reaches  the  latter  spot,  namely  Watidns  Point,  which  is  in  lati- 
tude 370  54'  38",  longitude  75°  52'  44".  From  Watkins  Point  the  boundary  line  moi 
due  east  seven  thousand  eight  hundred  and  eighty  yards  to  a  point  where  it  meets  a 
line  running  through  the  middle  of  Pocomoke  Soand,  which  is  marked  "C  on  the 
accompanying  map,  and  is  in  latitude  37^  54'  38",  longitude  75^  47'  50" ;  thence  by  a 
line  dividing  the  waters  of  Pocomoke  Sound  north  47^  30'  east  five  thousand  two 
hundred  and  twenty  yards  to  a  point  in  said  soand  marked  <'  D  "  on  the  aoeompany- 
iMig  map,  in  Utitude  37^  56'  25",  longitude  75^  45'  26" ;  thence  following  the  middls 
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of  Pocomoke  River  by  a  line  of  iiregulttr  onrree,  as  laid  down  on  the  aooompanying 
map,  nntil  it  inteneots  the  westward  protraction  of  the  boundary  line  marked  by 
Boarboroogh  and  Calvert^  May  28, 1668,  at  a  point  in  the  middle  of  Pocomoke  River, 
and  in  the  latitude  37^  59^  37",  longitude  750  37'  4" ;  thence  by  the  Scarboroogh  and 
Calvert  line,  which  mns  5^  15'  north  of  east,  to  the  Atlantic  Ocean. 

The  latitudes,  longitudes,  courses,  and  distances  here  given  have  been  measured  upon 
the  Coast  Chart  No.33  of  U.S. Coast  Survey,  sheet  No.  3, Chesapeake  Bay.  •  •  • 
The  middle  thread  of  the  Pocomoke  River  and  the  low- water  mark  on  the  Potomac 
River  are  to  be  measured^from  headland  to  headland,  without  considering  or  following 
arms,  inlets»  oreeks,  bays,  or  affluent  rivers.  •  •  •  ( yue  U.  8.  Stat,  at  Large, 
Vol.  XX,  p.  481.) 

This  award  was  ratified  by  the  States  of  Maryland  and  Virginia,  and 
confirmed  by  Congress  in  1879. 

In  1879-^  acts  were  jmssed  by  the  legislatures  of  Maryland  and 
Virginia  to  appoint  commissioners  and  to  request  the  (General  Govern- 
ment to  designate  one  or  more  officers  of  the  Engineer  Corps,  said 
commissioners-and  officers  to  survey  and  mark  said  line  and  erect  monu- 
ments thereon. 

West  Virginia  having  been  formed  firom  a  part  of  Virginia  and  ad- 
mitted into  the  XTnion  in  1862,  the  western  boundary  of  Maryland  now 
separates  it  from  the  State  of  West  Virginia. 

The  commissioners  appointed  in  1869  by  Virginia  and  Maryland  {vide 
p.  90)  surveyed  the  western  boundary  fh>m  the  ^^ Fairfax  Stone"  (the 
first  fountain  of  the  Potomac)  due  north  to  the  Pennsylvania  line,  and 
the  legislature  of  Maryland  in  1880  passed  an  act  declaring  that  line  to 
t9  be  its  western  boundary. 

From  the  ^'  Fairfiea  Stone  ^  the  boundary  between  Maryland  and  West 
Virginia  runs  along  the  south  bank  of  the  Potomac  Biver  till  it  strikes 
the  line  between  Virginia  and  West  Virginia. 

(For  a  history  of  the  placing  of  the  Fairfax  Stone,  vide  Virginia,  p.  96.) 


DISTBIOT   OP   COLUMBIA. 

On  the  5th  day  of  September,  1774,  the  Continental  Congress  met  at 
Philadelphia.  Two  years  later  they  adjourned  to  Baltimore.  During 
the  Revolution  and  subsequent  to  the  treaty  of  peace  they  met  in  vari- 
ous places.  After  the  close  of  the  war  much  debate  took  place  in  re- 
gard to  the  location  of  a  permanent  seat  of  the  Gk)vemment  of  the 
United  States.  Several  States  made  propositions  to  Congress,  offering 
to  cede  certain  lands  for  the  purpose,  but  no  determination  of  the  loca- 
tion was  made  by  Congress  until  1790. 

Aet  of  ce$iian  from  the  State  o/Marykmd,  paeeed  December  23, 1788. 

On  the  23d  of  December,  1788,  the  State  of  Maryland  passed  the  fol- 
lowing act,  vie : 

Be  U  maoM  5f  the  gmttral  oMamNy  of  Iforylofid,  That  the  t«^t«Q«D^a^i^^^lik^  ^"  ' 
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State  iB  the  Honae  of  Bepresentatives  of  the  Congreas  of  the  United  States,  appointc 
to  assemble  at  New  York,  on  the  first  Wednesday  of  March  next,  be  and  they  m 
hereby  anthorized  and  required  on  the  behalf  of  this  State  to  oede  to  the  Congress  < 
fche  United  States,  any  district  in  this  State  not  exceeding  ten  miles  square,  which  tl 
Congress  may  fix  npon  and  accept  for  the  seat  of  goyemment  of  the  United  States. 

In  the  following  year  (December  3, 1789),  the  State  of  Virginia  passe 
a  similar  act,  of  which  the  following  is  an  extract: 

Be  it  therefore  enacted  by  the  general  assembly^  That  a  tract  of  country  not  esoeedin 
ten  miles  square  or  any  lesser  quantity,  to  be  located  within  the  limits  of  the  Stati 
and  in  any  part  thereof  as  Congress  may  by  law  direct  shall  be,  and  the  same  is  heieb] 
forever  ceded  and  relinquished  to  the  Congress  and  Government  of  the  United  Statei 
'ji  full  and  absolute  right  and  exclusive  jurisdictiou,  ss  well  of  said  soil  as  of  peisoi 
residing  or  to  reside  thereon,  pursuant  to  the  tenor  and  effect  of  the  eighth  sectio 
of  the  Ist  article  of  the  Constitution  of  the  Government  of  the  United  States. 

After  long  discussion,  Congress  in  1790,  in  view  of  the  foregoing  oef 
sions  of  Maryland  and  Virginia,  passed  the  following  act,  viz : 

AK  ACT  for  eatahWuhlng  the  temporary  and  permanent  seat  of  gOTemmoit  of  the  UnitfOd  Stalt 

Approved  July  16,  1790. 

Sbct.  1.  Beit  enacted  by  the  Senate  and  House  qf  Bepreeentatiites  of  the  Unitml  Siaiet  i 
America  in  Congreea  aeeembledf  That  a  district  of  territory,  not  exceeding  ten  mill 
square,  to  be  located  as  hereafter  directed  on  the  river  Potowmac,  at  some  place  \h 
tween  the  month  of  the  Eastern  Branch  and  Connoyocbeque,  be,  and  the  same  i 
hereby,  accepted  for  the  permanent  seat  of  the  government  of  the  United  Statei 
Promded  nevertheleeSf  That  the  operation  of  the  laws  of  the  State  within  snoh  distric 
shall  not  be  affected  by  this  acceptance  until  the  time  fixed  for  the  removal  of  the  goi 
emment  thereto,  and  until  Congress  shall  otherwise  by  law  provide. 

Sect.  2.  And  be  it  further  enacted,  That  the  President  of  the  United  States  be  anthd 
ized  to  appoint,  and  by  supplying  vacancies  happening  from  refusals  to  act  or  otbe 
causes,  to  keep  in  appointment  as  long  as  may  bo  necessary,  three  oonunlssionen 
who,  or  any  two  of  whom,  shall,  under  the  direction  of  the  President,  survey,  and  b; 
proper  motos  and  bounds  define  and  limit,  a  district  of  territory,  under  the  limitation 
above  mentioned ;  and  the  district  so  defined,  limited,  and  located  shall  be  deeme 
the  district  accepted  by  this  act  for  the  permanent  seat  of  the  government  of  th 
United  States. 

Sect.  3.  And  be  it  enacted,  That  the  said  commissioners,  or  any  two  of  them,  shal 
have  power  to  purchase  or  accept  such  quantity  of  land  on  the  eastern  side  of  the  sail 
river  within  the  said  district  as  the  President  shall  deem  proper  for  the  nse  of  tb 
United  States,  and  according  to  such  plans  as  the  President  shall  approve.  The  8ai< 
commissioners,  or  any  two  of  them,  shall,  prior  to  the  first  Monday  in  December  ii 
the  year  1800,  provide  suitable  buildings  for  the  accommodation  of  Congress,  and  o 
the  President,  and  for  the  public  offices  of  the  government  of  the  United  States. 

Sect.  4.  And  he  it  enacted.  That  for  defraying  the  expenses  of  such  purchases  an< 
buildings  the  President  of  the  United  States  bo  authorized  aud  requested  to  acoep 
grants  of  money. 

Sect.  5.  And  he  it  enacted.  That  prior  to  the  first  Monday  in  December  next  all  office 
attached  to  the  seat  of  government  of  the  United  States  shall  be  removed  to,  an 
until  the  first  Monday  in  December  in  the  year  1800  shall  remain  at,  the  city  of  Phili 
delphia,  in  the  State  of  Pennsylvania,  at  which  place  the  session  of  Congress  net 
ensuing  the  present  shall  be  held. 

Sect.  6.  And  he  ii  enacted,  That  on  the  first  Monday  in  December,  in  the  year  180t 

the  seat  of  the  government  of  the  United  States,  shall,  by  virtue  of  this  act,  be  tram 

ferred  to  the  district  and  place  aforesaid.     And  all  offices  attached  to  the  said  seat  < 

government  shall  accordmgVy  \>e  x^^moN^bd  Uvereto  by  their  respective  holders, 
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8hall,  after  tlio  said  day,  cease  to  be  exercised  elsewhere,  and  that  the  necessary 
expense  of  said  removal,  shall  be  defrayed  ont  of  the  duties  on  imposts  and  tonnage, 
of  which  a  sufficient  sum  is  hereby  appropriated. 

In  the  following  year  the  foregoing  act  was  amended,  in  order  to 
include  a  portion  of  the  Anaoostia  Biver  (<< Eastern  Branch"),  and  the 
town  of  Alexandria  within  the  limits  of  the  district 

The  following  is  the  act  of  amendment: 

AN  ACT  to  amend  "An  act  for  establiahtaig  the  tonporary  and  pennanenl  seat  of  government  of  the 

United  Statea."    Approved  March  8. 170L 

Be  it  enacted f  ^o.,  That  so  mnch  of  the  act  entitled  ''An  act  for  establishing  the  tem- 
porary and  permanent  seat  of  the  government  of  the  United  States,  as  requires  that 
the  whole  of  the  district  of  territory,  not  exceeding  ten  miles  square,  to  be  located  on 
the  river  Potowmac,  for  the  permanent  seat  of  the  government  of  the  United  States, 
shall  be  located  above  the  month  of  the  Eastern  Branch,  be  and  is  hereby  repealed, 
and  that  it  shall  be  lawful,  for  the  President  to  make  any  part  of  the  territory  below 
said  limit  and  above  the  mouth  of  Hunting  Creek,  a  part  of  the  said  district  so  as  to 
include  a  convenient  port  of  the  Eastern  Branch,  and  of  the  lands  lying  on  the  lower 
side  thereof;  and  also  the  town  of  Alexandria,  and  the  territory  so  to  be  included 
shall  form  a  part  of  the  district  not  exceeding  ten  miles  square  for  the  permanent 
seat  of  the  government  of  the  United  States,  in  like  manner,  and  to  all  intents  and 
purposes,  as  if  the  same  had  been  within  the  the  purview  of  the  above  recited  act: 
Provided,  That  nothing  herein  contained,  shall  authorize  the  erection  of  the  public 
buildings,  otherwise  than  on  the  Maryland  side  of  the  river  Potowmac,  as  required  by 
the  aforesaid  act. 

In  pnrsaance  of  the  foregoing  acts,  three  commissioners  were  ap- 
pointed, who  made  preliminary  surveys  of  the  territory,  and  on  the  30th 
day  of  March,  1791,  Gkorge  Washington,  President  of  the  United  States, 
issued  a  proclamation,  in  which  the  bounds  of  the  said  District  were 
defined  as  follows,  viz: 

Beginning  at  Jones'  Point,  being  the  upper  cai>e  of  Hunting  Creek,  in  Virginia,  and 
at  an  angle  in  the  outset  of  45°  west  of  the  north,  and  running  in  a  direct  line  ten 
miles  for  the  first  line ;  then  beginning  again  at  the  same  Jones'  Point  and  running 
another  direct  line  at  a  right  angle  with  the  first,  across  the  Potomac,  ten  miles  for 
the  second  line ;  then,  from  the  terminations  of  the  said  first  and  second  lines,  run- 
ning two  other  direct  lines,  of  ten  miles  each,  the  one  crossing  the  Potomac  and  the 
other  the  Eastern  Branch  aforesaid,  and  meeting  each  other  in  a  point. 

In  1800  Congress  removed  to  this  District.  In  the  following  year 
the  District  was  divided  into  two  counties,  as  follows,  viz: 

UNITED    STATES     STATUTES    AT    LABOB,    SIXTH    CONGRESS,    SECOND    SESSION,    1801, 

(CHAPTER  XV). 

AN  ACT  oonoeming  the  Distriot  of  Golnmhia. 

The  said  District  of  Columbia  shall  be  formed  into  two  counties.  One  county  shaU 
contain  all  that  part  of  said  District  which  lies  on  the  east  side  of  the  river  Potomac, 
together  with  the  islands  therein,  and  shaU  be  called  the  county  of  ViTashington,  the 
other  county  shaU  contain  all  that  part  of  said  District  which  lies  on  the  west  side  of 
said  river,  and  shall  be  called  the  county  of  Alexandria ;  and  the  said  river,  in  its 
whole  course  through  said  District,  shaU  be  taken  and  deemed  to  aU  intents  and  pur- 
poses to  be  within  both  of  nald  counties. 

Bull.  171 7 
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In  1846  Ck>ngTe88  passed  an  act  letrooeding  to  the  State  of  Yirgb 
that  part  of  the  District  of  Oolnmbia  originidly  ceded  to  the  Unit 
States  by  Virginia.  The  following  is  an  extract  flx>m  said  act  of  ret; 
cession: 

That  with  nwcint  of  the  people  of  the  county  and  town  of  Alezandiia,  to  he  an 
tained  as  hereinafter  preaoribed,  all  of  that  portion  of  the  District  of  Colambia  oec 
to  the  United  States  by  the  State  of  Yiiginiay  and  all  the  rights  and  Jorisdioti 
therewith  ceded  orer  tiie  samCy  be,  and  the  same  are,  hereby  oeded  and  toerer 
linqniahed  to  the  State  of  Virginia  in  ftiQand  absdlnte  right  and  Jnriadioilofiy  aa  n 
of  soil  as  of  persons  residing  or  to  reside  thereon. 


VIRGINU. 

In  the  year  1606  King  James  I  of  England  granted  the  *^  First  Ohi 
ter  of  Virginia."    The  boundaries  therein  described  are  as  follows,  v 

*  *  *  Sitaate,  lying,  or  being  all  along  the  sea  coasti^  between  ISrar  and  thi 
degrees  of  northerly  latitude  from  the  equinoctial  line,  and  flye  and  forty  degreei 
the  same  latitude,  and  in  the>niain  land  between  the  same  four  and  thir^  and  i 
and  forty  degrees  and  the  islands  therennto  adjacent,  or  within  one  hondred  mUei 
the  coast  thereof.    *    •    * 

Soon  after,  in  1609,  a  new  charter  was  granted,  called  the  <<  Beco 
Charter  of  Virginia,"  which  defines  the  boundaries  in  the  followi 

terms: 

•  •  •  Situate,  lying,  and  being  in  that  part  of  America  caUed  Virginia  ft 
the  point  of  land  called  Cape  or  Point  Com&rt,  all  along  the  sea  coast  to  the  noi 
ward  two  hundred  miles,  and  from  the  said  point  of  Cape  Comfort  all  along  the 
coast  to  the  southward  two  hundred  miles,  and  all  that  space  and  circuit  of  h 
lying  from  the  sea  coast  of  the  precinct  aforesaid  up  into  the  land,  throughout  h 
sea  to  sea,  west  and  northwest,  and  also  all  the  islands  lying  within  one  bund 
miles  along  the  coast  of  both  seas  of  the  precinct  aforesaid.    •    •    * 

In  1611-^12  the  <<  Third  Charter  of  Virginia  ^  was  granted,  which  n 
an  enlargement  of  the  second,  of  which  the  following  is  an  extract: 

All  and  singular  those  islands  whatsoever,  situate  and  being  in  any  part  of  the  oot 
seas  bordering  upon  the  coast  of  our  said  first  colony  in  Virginia,  and  being  witi 
three  hundred  leagues  of  any  of  the  portes  heretolbie  granted  to  the  said  trsasa 
and  company  in  our  former  letters-patents  as  aforesaid,  and  being  within  or  betwi 
the  one-and -fortieth  and  thirtieth  degrees  of  northerly  latitude. 

These  boundaries,  as  will  be  seen,  included  territory  composing  who! 
or  in  part,  the  present  States  of  Pennsylvania,  Delaware,  Maiylai 
North  and  South  Carolina,  in  addition  to  otliers  formed  since  the  Be^ 
Intion. 

This  large  extent  of  territory  was  reduced  in  the  first  instance  l^^  t 
charter  of  Maryland  in  1632,  next  by  the  charters  of  Oarolina  in  Ifl 
and  1665,  then  by  the  charter  of  Pennsylvania  in  1681,  and,  again,  si 
sequent  to  the  Bevolution,  by  the  cession  to  the  United  States  of  t 
territory  northwest  ot  thA  Ohfjo  Biver  in  1784 ;  by  the  admission 
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Eentacky  as  an  independent  State  in  1792,  and  lastly  by  the  division  of 
the  territory  of  Virginia  in  1862,  by  which  the  new  State  of  West  Vir- 
ginia was  created  and  admitted  into  the  Union. 

By  the  constitation  of  1776  Virginia  formally  gave  np  all  claim  to  the 
territory  now  appertaining  to  the  neighboring  States  of  Maryland,  Penn- 
sylvania, North  and  Sonth  Carolina. 

The  following  is  an  extract  from  the  Virginia  constitation  of  1776 : 

The  tenitoriee  contained  within  the  oharterB  ereoting  the  ooloniee  of  Marylandi 
Pennsylyania,  North  and  South  Caiolina,  are  hereby  oeded,  xeleaaed,  and  forever 
confirmed  to  the  people  of  theee  colonies,  respectively,  with  all  the  rights  of  prop- 
erty, Jurisdiction,  and  government,  and  all  the  rights  whatsoever,  which  might  at 
any  time  heretofore  have  been  claimed  by  Virginia,  except  the  free  navigation  and 
nse  of  the  rivers  Potomaqne  and  Pokomoke,  with  the  property  of  the  Virginia  shores 
and  strands  bordering  on  either  of  said  rivers,  andaU  improvements  which  have  been 
or  shall  be  made  thereon.  The  western  and  northern  extent  of  Virginia  shall,  in  all 
other  respects,  stand  as  fixed  by  the  charter  of  King  James  I,  in  the  year  one  thou- 
sand six  hundred  and  nine,  and  by  the  public  treaty  of  peace  between  the  courts  of 
Britain  and  France  in  the  year  one  thousand  seven  hundred  and  sixty-three,  unless 
by  act  of  the  legislature  one  or  more  governments  be  established  westwards  of  the 
Alleghany  Mountains. 

In  the  mean  time  a  grant  of  territory  had  been  made,  within  the  pres- 
ent limits  of  Virginia  and  West  Virginia,  which  caused  great  dissatis- 
faction to  the  people  of  the  Virginia  Colony,  and  which  ultimately  had 
an  important  bearing  in  settling  the  divisional  line  between  Maryland 
and  Virginia. 

In  the  2l8t  year  of  Oharles  11  a  grant  was  made  to  Lord  Hapten  and 
others  of  what  is  called  the  northern  neck  of  Virginia,  which  was  sold 
by  the  other  patentees  to  Lord  Onlpeper  and  confirmed  to  him  by  letters- 
patent  in  the  foarth  year  of  James  IE.  This  grant  carried  with  it  noth- 
ing bat  the  right  of  soil  and  incidents  of  ownership,  it  being  expressly 
subjected  to  the  jurisdiction  of  the  government  of  Virginia.  The  tract 
of  land  thereby  granted  was  ^^  bounded  by  and  within  the  heads  of  the 
rivers  Tappahannock,  alias  Bappahannock,  and  Quiriough,  alias  Pato- 
mac,  rivers."  On  the  death  of  Lord  Onlpeper,  this  proprietary  tract 
descended  to  Lord  Fair£Ea,  who  had  married  Lord  Oulpeper's  only 
daughter. 

As  early  as  1729  difficulties  sprung  up,  arising  from  conflicting  grants 
from  Lord  Fairfax  and  the  Orown. 

In  17^  Virginia  petitioned  the  King,  reciting  that  the  head  springs 
of  the  Bappahannock  and  Potomac  Bivers  were  not  known,  and  pray- 
ing that  such  measures  might  be  taken  that  they  might  be  ascertained 
to  the  satisfEiction  of  all  parties. 

In  1733  Lord  Fairfax  made  a  similar  petition,  asking  that  a  commis- 
sion might  issue  for  running  out,  marking,  and  ascertaining  the  true 
boundaries  of  his  grant. 

An  order,  accordingly,  was  issued  and  three  commissioners  were  ap- 
pointed on  the  part  of  tiie  Orown  and  three  on  the  part  of  Lord  Fair&x. 
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i 

f  The  daty  which  devolved  upon  these  commissioners  was  to  asoertaii 

by  actual  examination  and  survey  the  respective  fountains  of  the  Bap 

pahannock  and  Potomac  Bivers.    This  survey  was  made  in  1736. 
The  report  of  the  commissioners  was  referred  to  the  council  for  plan 

tation  affiftirs  in  1738,  who  reported  their  decision  in  1745,  as  follows 

viz: 

*  *  *  The  said  boundary  ought  to  begin  at  the  first  spring  of  the  south  branel 
of  the  river  Bappahannock,  and  that  the  said  boundary  be  firom  thence  drawn  in  i 
straight  line  northwest  to  the  place  in  the  Alleghany  Mountains  where  that  part  o 
the  Potomac  River,  which  is  now  called  Cohongoroota,  first  rises.    *    *    * 

This  report  was  confirmed  by  the  King,  and  commissioners  were  ap 
pointed  to  run  and  mark  the  dividing  line  accordingly. 

The  line  was  run  in  1746.  On  the  17th  day  of  October,  1746,  thei 
planted  the  Fairfax  stone  at  the  spot  which  had  been  described  anc 
marked  by  the  preceding  commissioners  as  the  true  head  spring  of  th< 
Potomac  Biver,  and  which,  notwithstanding  much  controversy,  ha 
continued  to  be  regarded,  from  that  period  to  the  present  time,  as  th( 
southern  point  of  the  western  boundary  between  Virginia  and  Mary 
land,  ( Vide  Faulkner's  Beport  to  Governor  of  Virginia,  1832.  For  ful 
details,  vide  Byrd  Papers,  1866,  Vol.  II,  p,  S3  et  seq.  Also  Hening*; 
Va.  Statutes.) 

This  tract  of  country  wa«  held  by  Lord  Fairfax  and  his  descendant 
many  years,  but  subsequent  to  the  Bevolution  the  quitrents,  chargee 
etc.,  were  abolished  and  it  became  in  all  respects  subject  to  the  juris 
diction  of  Virginia. 

(For  the  history  of  the  settlement  of  the  boundary  lines  between  Vii 
ginia  aud  Maryland,  vide  Maryland,  p.  89.) 

(For  a  history  of  the  boundary  between  Virginia  and  Pennsylvania 
vide  Pennsylvania,  p.  87.) 

Kentucky  formed  originally  a  part  of  the  county  of  Fincastle,  Vii 
ginia.  In  the  year  1776,  this  county  was  divided  into  three  countiec 
the  westernmost  of  which  was  called  Kentucky  County,  and  its  easten 
boundary  was  declared  to  be  as  follows,  viz : 

A  line  beginning  on  the  Ohio,  at  the  mouth  of  Great  Sandy  Creek,  and  mnnin 
ap  the  same  and  the  main  or  northeasterly  branch  thereof  to  the  Great  Lanrel  Ridg 
or  Cnmberland  Mountains ;  thence  southwesterly  along  the  said  mountain  to  the  lin 
of  North  Carolina.     (See  Hening*s  Statutes,  Virginia,  Vol.  9,  p.  257.) 

Kentucky  having  been  admitted  into  the  Union  June  1,  1792,  con 
missioners  were  appointed  in  1798  by  Virginia  and  Kentucky  to  fix  th 
boundary.  In  1799-1800  the  commissioners'  report  was  made  and  rati 
fled  by  the  States.    It  was  as  follows,  viz : 

To  begin  at  the  point  where  the  Carolina,  now  Tennessee,  line  crosses  the  top  of  tl 
Cnmberland  Mountains,  near  Cumberland  Gap,  thence  northeastwardly  along  the  to 
or  highest  part  of  the  said  Cumberland  Mountain,  keeping  between  the  head  wate] 
of  Cnmberland  and  Kentucky  Rivers,  on  the  west  side  thereof,  and  the  head  watei 
of  PowelVB  and  Guest's  Rivers,  and  the  Pond  Fork  of  Sandy,  on  the  east  side  thero 
^ntiuuiiJg  along  the  said  to\>,  ot  \i\^^\.  v\\.tt  of  said  mountain,  oiossing  the  roi 
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leading  over  the  same  at  the  Little  Paint  Gap,  where  by  Bome  it  is  called  the  Hollow 
Moil n tain  and  where  it  terminates  at  the  West  Fork  of  Sandy,  commonly  called  Rns- 
B4>irH  Fork,  thence  with  a  line  to  be  mn  north  45°  east  till  it  intersects  the  other  great 
)>rincipal  branch  of  Sandy,  commonly  called  the  Northeastwardly  branch,  thence 
down  the  said  Northeastwardly  branch  to  its  Junction  with  the  main  west  branch  and 
down  Main  Sandy  to  its  confluence  with  the  Ohio.  (See  Shepard's  Virginia,  Vol.  3> 
p.  2:54.) 

It  will  be  seen  that  the  latter  part  of  this  line  is  the  present  line  be- 
tween West  Virginia  and  Kentucky. 

(For  the  history  of  the  settlement  of  the  boundaries  between  Virginia 
and  North  Carolina,  vide  North  Oarolina,  vide  p.  100.) 

In  1779  Virginia  and  North  Carolina  appointed  commissioners  to  run 
the  boundary  line  between  the  two  States  west  of  the  Allegheny  Moun- 
tains, on  the  parallel  of  36^  3(K.  The  commissioners  were  unable  to 
agree  on  the  location  of  the  parallel;  they  therefore  ran  two  parallel 
lines  two  miles  apart,  the  northern  known  as  Henderson's,  and  claimed 
by  North  Carolina,  the  southern  known  as  Walker's  line,  and  claimed 
by  Virginia.  In  the  year  1789  North  Carolina  ceded  to  the  United  States 
all  territory  west  of  her  present  boundaries,  and  Tennessee  being  formed 
from  said  ceded  territory,  this  question  became  one  between  Virginia  and 
Tennessee. 

Commissioners  having  been  appointed  by  Virginia  and  Tennessee  to 
establish  the  boundary,  their  report  was  adopted  in  1803,  and  was  as  fol- 
lows, viz : 

A  dne  west  line  eqaaUy  distant  firom  both  Walker's  and  Henderson's,  beginning  on 
the  summit  of  the  monntain  generaUy  known  as  White  Top  Mountain,  where  the 
northeast  comer  of  Tennessee  terminates,  to  the  top  of  the  Cumberland  Monntain, 
where  the  southwestern  comer  of  Virginia  terminates. 

In  1871  Virginia  passed  an  act  to  appoint  commissioners  to  adjust  this 
line. 

Tennessee,  the  following  year,  in  a  very  emphatic  manner,  passed  a 
resolution  refusing  to  reopen  a  question  regarding  a  boundary  which  she 
considered  ^<  fixed  and  established  beyond  dispute  forever."  (See  acts 
of  Tennessee,  1872.) 

Up  to  1783  Virginia  exercised  jurisdiction  over  a  large  tract  of  coun- 
try northwest  of  the  Ohio  Kiver.  But  by  a  deed  executed  March  1, 
1784,  she  ceded  to  the  United  States  all  territory  lying  northwest  of  the 
Ohio  Kiver,  thus  making  her  western  boundary  the  west  bank  of  the 
Ohio  Kiver. 

On  the  31st  of  December,  1862,  the  State  of  Virginia  was  divided, 
and  48  counties,  composing  the  western  part  of  the  State,  were  made 
the  new  State  of  West  Virginia.  By  an  act  of  Congress  in  1866,  con- 
sent was  given  to  the  transfer  of  two  additional  counties  from  Virginia 
to  West  Virginia. 

In  1873  and  1877  commissioners  were  appointed  by  each  State  to 
determine  the  true  boundaries  between  the  two  States,  and  the  Gtonend 
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Government  was  asked  to  detail  officers  of  engineers  to  act  with  said 
commissioners  in  surveying  and  fixing  the  line. 

Until  their  report  is  at  hand,  the  boundary  can  only  be  found  by  fol- 
lowing the  old  county  lines.  In  view  of  the  expectation  of  such  report 
at  an  early  day,  it  has  not  been  thought  best  to  go  into  an  exanunation 
of  the  old  county  lines. 


WEST  VIROINIA. 

This  State  was  set  off  from  Virginia  on  December  31, 1862.  It  was 
originally  formed  of  those  counties  of  Virginia  which  had  reftised  to 
join  in  the  secession  movement.  It  was  admitted  to  the  Union  as  a 
separate  State,  June  19, 1863.  It  originally  contained  the  following 
counties:  Barbour,  Boone,  Braxton,  Brooke,  Oabell,  Oalhoun,  Olay, 
Doddridge,  Fayette,  Gilmer,  Greenbrier,  Hampshire,  Hancock,  Hardy, 
Harrison,  Jackson,  Kanawha,  Lewis,  Logan,  Marion,  Marshall,  Mason, 
McDowell,  Mercer,  Monongalia,  Monroe,  Morgan,  Nicholas,  Ohio,  Pen- 
dleton, Pleasants,  Pocahontas,  Preston,  Putnam,  Baleigh,  Randolph, 
Bitchie,  Boane,  Taylor,  Tucker,  l?yler,  Upshur,  Wayne,,  Webster, 
Wetzel,  Wirt,  Wood,  Wyoming. 

In  1866  it  was  enlarged  by  the  two  counties  of  Berkeley  and  Jefferson, 
transferred  fh>m  Virginia.  Its  boundary  with  Virginia  is  made  up  of 
boundary  lines  of  the  border  counties  above  enumerated ;  and  can  be 
defined  only  by  reference  to  the  laws  by  which  these  counties  were 
created.  In  the  constitution  of  1872,  after  a  recapitulation  of  the  coun- 
ties which  were  transferred  from  Virginia  to  West  Virginia,  is  found 
the  following  clause  defining  the  boundaries  upon  the  south  and  west: 

The  state  of  West  Virginia  inolndee  the  bed,  bank,  and  ihorM  of  the  Ohio  RiTer, 
and  80  mnch  of  the  Big  Sandy  Rirer  as  was  formerly  included  in  the  CommAnwealtli 
of  Virginia,  and  all  territorial  rights  and  property  in  and  Jurisdiction  OTer  the  same 
heretofore  reserved  by  and  vested  in  the  Commonwealth  of  Virginia,  are  vested  in 
and  shall  hereafter  be  exeroised  by  the  State  of  West  Virginia ;  and  such  parts  of  the 
said  beds,  banks,  and  shores  as  lie  opposite  and  adjoining  the  several  counties  of  this 
State  shall  form  parts  of  said  several  countiee  respectively. 

(For  a  history  of  the  boundaries  of  West  Virginia,  ffide  Pennsylvania, 
p.  86;  Maryland,  p.  89;  Virginia,  p.  95.) 


NOBTH   CABOUKA. 

In  the  year  1663  the  ^'  first  charter  of  Carolina''  was  granted,  whiob, 
two  years  later,  in  1665,  was  enlarged  by  the  ^<  seoond  charter  of  Oaro- 
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The  following  extraots  from  these  two  charters  define  the  boundaries : 

Ckartet  of  CaroUna,  1663. 

*  *  *  All  thftt  territory  or  tract  of  ground,  aoitnate,  lying  and  being  within  our 
dominione  of  America,  extending  from  the  north  end  of  (he  ialand  called  Lncke  Island, 
which  lieth  in  the  Southern  Virginia  seae,  and  within  six  and  thirty  degrees  of  the 
northern  latitude,  and  to  the  west  as  far  as  the  south  seas,  and  so  southerly  as  far  as 
the  river  Saint  Matthias,  which  bordereth  on  the  coast  of  Florida,  and  within  one  and 
thirty  degrees  of  northern  latitude,  and  so  west  in  a  direct  line  as  &r  as  the  south  seas 
aforesaid.    *    *    * 

Charier  of  CaroUmOf  1665. 

*  *  *  All  that  province,  territory,  or  tract  of  land,  scituate,  lying  or  being  in 
our  dominions  of  America,  aforesaid,  extending  north  and  eastward  as  fiur  as  the  north 
end  of  Currituck  River,  or  inlet^  upon  a  strait  westerly  line  to  Wyonoke  Creek, 
which  lies  within  or  about  the  degrees  of  thirty-six  and  thirty  minutes,  northern  lat- 
itude, and  so  west  in  a  direct  line  as  &r  as  the  south  seas.    *    *    * 

This  is  an  extension  of  the  charter  of  1663,  by  which  its  northern 
boundary  was  removed  from  the  approximate  latitude  of  36^  to  36^  3V^ 
on  which  parallel  it  is  now  approximately  established.  Although  the 
exact  year  in  which  the  division  of  the  province  of  Oarolina  into  the 
two  provinces  of  North  and  South  Oarolina  appears  somewhat  uncer- 
tain, I  find  it  generally  put  down  as  1729.  The  division  line  between 
the  two  provinces,  North  and  South  Oarolina,  appears  to  have  been 
established  by  mutual  agreement. 

In  the  constitution  of  North  Oarolina  of  1776  this  line  is  defined  as 
shown  in  the  subjoined  extract: 

The  property  of  the  soil,  in  a  ftee  government,  being  one  of  the  essential  rights  of 
the  collective  body  of  the  people,  it  Is  necessary,  in  order  to  avoid  fhture  disputes, 
that  the  limits  of  the  State  should  be  aaoertalned  with  precision ;  and  as  the  former 
temporary  line  between  North  and  Sooth  Carolina  was  confirmed  and  extended  by 
oommissionerB  appointed  by  the  legislatures  of  the  two  States,  agreeable  to  the  order 
of  the  late  King  Qeorge  n  in  council,  that  line,  and  that  only,  should  be  esteemed 
the  southern  boundary  of  this  State ;  that  is  to  say,  beginning  on  the  sea  side  at  a 
cedar  stake,  at  or  near  the  month  of  Little  River  (being  the  southern  extremity  of 
Brunswic  County),  and  running  firom  thence  a  northwest  course  through  the  bound- 
ary house,  which  stands  in  thirty-three  degrees  fifty-six  minutes,  to  thirty-five  de- 
grees north  latitude,  and  from  thence  a  west  course  so  &r  as  is  mentioned  in  the 
charter  of  King  Charles  n  to  the  late  proprietors  of  Carolina.  Therefore,  all  the 
territory,  seas,  waters,  and  harbours^  with  their  appurtenances,  lying  between  the 
line  above  described,  and  the  southern  line  of  the  State  of  Virginia,  which  begins 
on  the  sea  shore,  in  thirty-six  degrees  thirty  minutes  north  latitude,  and  firom  thence 
runs  west,  agreeable  to  the  said  charter  of  King  Charles,  are  the  right  and  property 
of  the  people  of  the  State,  to  be  held  by  them  in  sovereignty,  any  partial  line,  with- 
out the  consent  of  the  legislature  of  ^lis  State,  at  any  time  thereafter  directed  or 
laid  out  in  anywise  notwithstanding. 

On  December  2, 1789,  the  legislature  passed  an  act  ceding  to  the 
United  States  its  western  lands,  now  constituting  the  State  of  Tennes- 
see. On  February  25, 1790,  the  deed  was  ofEored,  and  on  April  2  of 
the  same  year  it  was  accepted  by  the  United  States. 
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In  the  Bevised  Statatee  the  north  and  south  boandaries  of  the  State 
are  clauned  to  be  as  follows:  The  northern  boandaiy,  the  parallel  of 
360  3(y ;  the  southern  boundary,  a  line  running  northwest  fix>m  Gtoat 
Island  on  the  ooast  in  latitude  33^  50^  to  the  parallel  of  35^,  and  thenoe 
along  that  parallel  to  Tennessee;  while  the  western  boundary  is  the 
Smoky  Mountains.  It  is  strange  that  the  Bevised  Statutes  shcmld  con- 
tain such  a  statement  of  the  boundary  lines  when  it  is  thoroughly  well 
known  that  it  is  incorrect,  especially  as  regards  the  southern  boundary. 
.  In  the  case  of  the  northern  boundary  the  intention  has  been  firom  the 
earliest  colonial  times  down  to  the  present  to  establish  a  line  ui>on  the 
parallel  of  36^  30^  This  is  found  to  be  the  wording  of  every  legislative 
•act  relating  to  it,  and  the  errors  of  this  boundary  are  due  simply  to 
errors  in  surveying  and  location.  The  following  brief  and  comprehen- 
sive sketch  of  the  north  and  south  boundary  lines  of  this  State,  and  of 
the  various  attempts  made  to  locate  them,  is  taken  from  Professor  Ken's 
^^G^logy  of  North  Carolina,"  vol.  I,  page  2: 

"The  first  and  only  seriooB  attempt  to  ascertain  the  northern  boundary  was  that 
made  in  1728,  by  Col.  Wm.  Byrd,  and  others,  conmiissioners  on  the  |»art  of  the  two 
colonies,  acting  under  Royal  authority.  From  the  account  given  by  Byid  of  this 
undertaking,  it  appears  that  they  started  from  a  point  on  the  coast  whoee  position 
they  determined  by  observation  to  be  in  36^  31',  north  latitude,  and  ran  due  west 
(correcting  for  the  variation  of  the  compass),  to  Nottoway  River,  where  they  made 
an  offset  of  a  half  mile  to  the  mouth  of  that  stream,  again  running  west.  The  liae 
was  run  and  marked  242  miles  from  the  coast,  to  a  point  in  Stokes  County,  on  the  up- 
per waters  of  the  Dan  River  (on  Peter's  creek)  the  North  Carolina  commissionen 
accompanying  the  party  only  about  two-thirds  of  the  distance.  Beyond  this  point, 
the  line  was  carried  some  90  miles  by  another  joint  conmiission  of  the  two  colonies  in 
1749 ;  this  survey,  terminating  at  Steep  Rock  Creek,  on  the  east  of  Stone  Mountain, 
and  near  the  present  northwest  comer  of  the  State,  was  estimated  to  be  329  miles  from 
the  coast.  In  1779  the  line  was  taken  up  again  at  a  point  on  Steep  Rock  Creek,  de- 
termined by  observation  to  be  on  the  parallel  of  36°  30'  (the  marks  of  the  previous 
survey  having  disappeared  entirely),  and  carried  west  to  and  beyond  Bristol,  Tenn- 
essee. This  last  is  known  as  the  Walker  line,  from  one  of  the  commissioneis  of  Vii^ 
ginia. 

These  lines  were  run  and  the  latitude  observations  taken  with  very  imperfect  in- 
struments, and  the  variation  of  the  compass  was  little  understood,  so  that  it  was  not 
possible  to  trace  a  parallel  of  latitude.  The  line,  besides,  was  only  marked  on  the 
trees  and  soon  disappeared,  and  as  the  settlements  were  very  scattered  the  loca- 
tion soon  became  a  matter  of  vague  tradition  and  presently  of  contention  and  litiga- 
tion, so  that  in  1858,  at  the  instance  of  Virginia,  commissioners  were  appointed  to  re- 
locate the  line  from  the  end  of  the  Byrd  survey  westward,  but  for  some  reason  they 
did  not  act.  In  1870  commissioners  were  again  appointed  by  Virginia  and  similar 
action  asked  on  the  part  of  this  State ;  and  the  proposition  was  renewed  in  1871,  bnt 
inefifectnally,  as  before.  In  all  these  numerous  attempts  to  establish  the  line  of  divis- 
ion between  the  two  colonies  and  States,  the  intention  and  the  specific  instructions 
have  been  to  ascertain  and  mark,  as  the  boundary  of  the  two  States,  ike  parallel  of 
26P  30^.  The  maps  published  towards  the  end  of  last  century  by  Jefferson  and  othen 
give  that  parallel  as  the  line,  and  the  bill  of  rights  of  North  Carolina  claims  that 
'•all  the  territory  lying  between  the  line  above  described  (the  line  between  North 
and  South  Carolina)  and  the  southern  line  of  the  State  of  Virginia,  which  begins  oa 
the  sea  shore  in  36^  20*  north  latitude,  and  from  thence  runs  west,  agreeably  to  the 
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charter  of  King  Charles,  are  the  eight  and  property  of  this  State.^  Bot  it  appears 
from  the  operations  of  the  United  States  Coast  Survey  at  both  ends  of  the  line  that 
the  point  of  beginning  on  Corritnck  Inlet,  instead  of  being,  as  so  constantly  assomed, 
in  latitude  36^  30',  or  as  determined  by  the  surveyors  in  1728,  36^  31'  is  36^  33'  15", 
and  the  western  end  (of  <'the  Walker  line,"  of  1779,  at  Bristol,  Tenn.)  36^  34'  25.5". 
It  is  stated  in  Byrd's  Journal  that  the  variation  of  the  compass  was  ascertained  to  be 
a  little  less  than  3^  W.  [The  magnetic  chart  of  the  United  States  Coast  Sorvey 
wonld  make  it  3^  £.]  And  no  account  is  given  of  any  subsequent  correction,  and  if 
none  was  made  at  the  end  of  the  line  surveyed  by  him  the  course  would  have  been  in 
error  by  nearly  3°,  as  the  amount  of  variation  in  this  State  changes  a  little  more  than 
1^  for  every  100  miles  of  easting  or  westing.  So  that  the  northern  boundary  of  the 
State  as  rnn  is  not  only  not  the  parallel  of  36^  30',  but  is  far  from  coincident  with 
any  parallel  of  latitude,  and  must  be  a  succession  of  curves,  with  their  concavities 
northward  and  connected  at  their  ends  by  north  and  south  offsets. 

The  southern  boundary  between  this  State  and  South  Carolina  and  Georgia  was 
first  established  by  a  Joint  colonial  commission  in  1735  to  1746.  The  commissioners 
run  a  line  from  Goat  Island  on  the  coast  (in  latitude  33°  5&  as  supposed)  NW  to  the 
parallel  of  35°,  according  to  their  observations,  and  then  due  west  to  within  a  few 
miles  of  the  Catawba  River,  and  here,  at  the  old  Salisbury  and  Charleston  road,  turned 
north  along  that  road  to  the  southeast  comer  of  the  Catawba  Indian  Lands.  Thib 
line,  resurveyed  in  1764,  was  afterwards  (in  1772)  continued  along  the  eastern  and 
northern  boundaries  of  the  Catawba  lands  to  the  point  where  the  latter  intersects  the 
Catawba  River ;  thence  along  and  up  that  river  to  the  mouth  of  the  South  Fork  of  the 
Catawba,  and  thence  due  west,  as  supposed,  to  a  point  near  the  Blue  Ridge.  This 
part  of  the  line  was  resurveyed  and  confirmed  by  commissioners  under  acts  of  as- 
sembly of  1803, 1804, 1806, 1813, 1814,  and  1815,  and  continued  west  to  and  along  the 
Saluda  Mountains  and  the  Blue  Ridge  to  the  intersection  of  the  "  Cherokee  bound- 
ary "  of  1797,  and  thence  in  a  direct  line  to  the  Chatooga  River  at  it-s  intersection  with 
the  parallel  of  35°.  From  this  point  the  line  was  run  west  to  the  Tennessee  line,  be- 
tween this  State  and  Georgia,  in  1807,  and  confirmed  and  established  by  act  of  1819. 

The  boundary  between  this  State  and  Tennessee  was  mn^  according  to  the  course 
designated  in  the  act  of  1789,  entitled  ''An  act  for  the  purpose  of  ceding  to  the  United 
States  certain  western  lands  therein  described"  (the  State  of  Tennessee) ;  that  is,  along 
the  crest  of  the  Smoky  Mountains,  from  the  Virginia  line  to  the  Cataluche  River  (in 
Haywood  County),  in  1799,  under  act  of  1796.  It  was  continued  from  this  point  to  the 
Georgia  line  in  1821.  The  commissioners  who  completed  this  line,  at  the  date  last- 
mentioned,  instead  of  following  their  instructions,  diverged  from  the  crest  of  the 
Smoky  (Unaka)  Mountains  at  the  intersectiou  of  the  Hiwassee  turnpike,  and  run  due 
south  to  the  Georgia  line,  thereby  losing  for  the  State  the  valuable  mining  region 
since  known  as  Ducktown. 

And  as  to  the  southern  boundary,  the  point  of  beginning  on  Goat  Island  is  in  latitude 
33°  51'  37",  as  shown  by  the  Coast  Survey,  and  instead  of  running  from  Goat  Island 
northwest  to  latitude  of  35°  and  thence  along  that  parallel,  it  appears,  from  the 
South  Carolina  Geographical  State  Survey  of  1821-'25,  that  the  course  fh>m  the  start- 
ing point  is  N.  47°  30'  W.,  and  instead  of  pursuing  the  parallel  of  35°  it  turns 
west  about  10  miles  south  of  that  line,  and  then  on  approaching  the  Catawba  River, 
turns  northward  pursuing  a  zigzag  line  to  the  forks  of  the  Catawba  River,  which  is 
about  12  miles  north  of  that  parallel ;  and  from  this  point  to  the  mountains  the 
boundary  line  (of  1772)  runs,  not  west,  but  N.  88°  W.,  bringing  its  western  end  about 
17  miles  too  far  north,  and  reaching  the  (supposed)  parallel  of  35°  at  a  distance  of 
about  130  miles  east  of  the  Catawba  River.  The  loss  of  territory  resulting  from  these 
singular  deviations  is  probably  between  500  and  1,000  square  miles. 

The  following  extract  tcom  the  oonstitation  of  1796,  of  Teimesseei 
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defines  the  eastern  bonndary  of  that  State,- which  is  the  western  bound- 
ary of  North  Oarolina,  as  it  was  intended  to  be  mn  and  marked : 

Beginning  on  the  extreme  height  of  the  Stone  Monntsin  »t  the  plsoe  wbece  tiie 
line  of  Virginia  inteneots  it  in  latitode  thirty-dx  degxees  and  thirty  minutes  norlii ; 
ronning  thence  along  the  extreme  height  of  the  Mid  mountain  to  the  plaoe  when 
Wstanga  Biyer  breaks  through  it ;  thenoe  a  diieot  oooTBe  to  the  top  of  the  TeOow 
Monntain,  where  Bright's  road  oroflses  the  tanie;  thenoe  aloiig  the  ridge  of  eald 
mountain  between  the  waters  of  Doe  SiTer  and  the  wateis  of  Book  Craok,  to  the 
place  where  the  road  oroases  the  Iron  Mountain;  ftom  thenoe  along  tfaa  ejLlwiiB 
height  of  said  mountain  to  where  Noliohuoky  SiTer  runs  through  the  «Mne ;  tiieneetD 
the  top  of  the  Bald  Mountain;  thenoe  along  the  extreme  height  ci  said  moontain  to 
tiie  Painted  Book  on  French  Broad  BiTor ;  thence  along  the  highest  ddge  of  ssid 
mountain  to  the  place  where  it  is  eaUed  the  Great  Iron  or  Smoky  Mdunlain ;  thsoee 
along  tiie  extreme  height  of  said  mountain  to  the  place  where  it  is  ealled  Unieol  or 
Unaka  Mountain  between  the  Indian  towns  of  Cowce  and  Old  Choia ;  thenoe  akog 
the  main  ridge  of  the  said  mountain  to  the  southern  boundary  ci  tida  State  as  d^ 
scribed  in  the  act  of  cession  of  North  Carolina  to  the  United  States  of  Ameiioa. 

In  1879  the  legislature  passed  an  act  to  appoint  oommissioners  to 
make  a  survey  firom  the  northeast  corner  of  Georgia  westward*  This 
point  of  commencement  is  common  to  North  Oarolina,  Soath  Oaiolins^ 
and  Georgia. 

In  1881  the  legislature  passed  another  act,  providing  for  the  appoint- 
ment of  a  commissioner,  who  should  act  with  commissfonere  from  Yi^ 
gbila,  South  Oarolina,  Georgia,  or  Tennessee,  to  re-mn  and  re-mark  the 
boundaries  between  North  Carolina  and  the  other  States. 


SOUTH   CAROLINA. 

The  territory  included  in  the  present  State  of  South  Oandina  was 
included  in  the  charter  of  Carolina,  which  also  embraced  what  is  now 
the  State  of  Georgia.    ( Vide  North  Carolina,  p.  99.) 

In  1729  the  province  of  Carolina  was  divided,  forming  the  two  prov- 
inces of  North  Carolina  and  South  Carolina.  In  1732  the  extent  of 
South  Carolina  was  reduced  by  the  charter  of  Georgia.  ( Vide  G^eorgia, 
p.  103.) 

(For  a  history  of  the  settlement  of  the  boundary  between  Nortii  Oar 
olina  and  South  Carolina,  vide  North  Carolina,  p.  99.) 

By  the  charter  of  Georgia  the  line  between  South  Carolina  and  Geo^ 
gia  was  to  be  the  Savannah  Biver,  to  the  head  thereofl  In  1762  difflool- 
ties  having  arisen,  concerning  the  interpretation  of  the  charter,  as  re- 
garded the  head  of  the  Savannah,  and  also  the  title  to  the  lands  soatii 
of  the  Altamaha  Biver,  Georgia  made  complaint  to  the  King,  wbo 
issued  a  proclamation  in  1763  giving  the  lands  between  the  ^  ^t^f^* 
and  Saint  Mary's  Bivers  to  Georgia.  The  question  of  the  boundary  on 
the  Savannah,  however,  remained  unsettled  until  1787,  when  a  eonveii- 
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Hon  between  the  two  States  was  held  at  Beaufort,  S.  O.,  to  determine 
the  same,  and  the  line  was  fixed  as  at  present. 
The  following  is  an  extract  ftom  the  articles  of  agreement : 

The  most  norUieni  bnmoh  or  Btream  of  the  ziyer  Sayannah  from  the  sea  or  month 
of  snob  stream  to  the  fork  or  oonflaenoe  of  the  rlyers  now  called  Tagaloo  and  Keowa, 
and  from  thenoe  the  most  northern  branch  or  stream  of  the  said  riyer  Tagaloo  tiU  it 
intersects  the  northern  boundary  line  of  South  Carolina,  if  the  said  branch  or  stream 
of  Tugaloo  extends  so  far  north,  reserying  aU  the  islands  in  the  said  riyers  Sayannah 
and  Tugaloo  to  Georgia;  but  if  the  head  ^ring  or  source  of  any  branch  or  stream  of 
the  said  riyer  Tugaloo  does  not  extend  to  the  north  boundary  line  of  South  CardUna, 
then  a  west  line  to  the  MissisBippi,  to  be  drawn  from  the  head  spring  or  source  of  the 
said  braneh  or  stream  of  Tugaloo  Biy  er  which  extends  to  the  highest  northern  latitude, 
shall  foreyer  hereafter  form  the  separation,  limit,  and  boundary  between  the  States 
of  South  Carolina  and  Georgia.    (Laws  of  the  United  States,  VoL  I,  p.  466. ) 

In  the  same  year  South  Oarolina  ceded  to  the  United  States  a  nar- 
row strip  of  territory  south  of  the  North  Carolina  line,  which  she  claimed, 
about  12  or  14  miles  wide,  and  extending  to  the  Mississippi  Biver ;  this 
strip  now  forms  the  northern  portion  of  Georgia,  Alabama,  and  Missis- 
sippi. Georgia  being  thus  increased  in  extent  northwardly,  the  line 
between  the  two  States  is  clearly  expressed  in  the  code  of  South  Caro- 
lina, as  follows,  viz: 

The  Savannah  River,  ftom  its  entranoe  into  the  ocean  to  the  oonfluenoe  of  the  Tug- 
aloo and  Keowa  Rivers ;  thenoe  by  the  Tugaloo  River  to  the  confluence  of  the  Tugaloo 
and  Chatooga  Rivers;  thenoe  by  the  Chatooga  River  to  the  North  Carolina  line  in 
the  thirty-fifth  degree  of  north  latitude,  the  line  being  low-water  mark  at  the  south- 
ern shore  of  tiie  most  northern  stream  of  said  rivers,  where  the  middle  of  the  rivers 
is  broken  by  islands,  and  middle  thread  of  the  stream  where  the  rivers  flow  in  one 
stream  or  volume. 


GEORGIA. 

Georgia  was  included  in  the  proprietary  charter  granted  to  the  lords 
proprietors  of  Carolina  in  1683  and  1885,  for  which  a  provincial  charter 
was  substituted  in  1719. 

In  1732  the  charter  of  Georgia  as  an  independent  colony  was  granted 
by  King  Oeorge  11,  of  which  the  fbUowing  is  an  extract : 

All  those  lands,  countrys,  and  territories  situate,  lying  and  being  in  that  part  of 
South  Carolina,  in  Amerioa^  whioh  lies  from  the  most  northern  part  of  a  stream  or 
river  there,  oommonly  called  the  Savannah,  aU  along  the  sea-coast  to  the  southward, 
unto  the  most  southern  stream  of  a  certain  other  great,  water  or  river  oaUed  the  Al- 
tamaha,  and  westerly  from  the  heads  of  the  said  rivers,  respectively,  in  direct  lines 
to  the  south 


This  charter  was  surrendered  in  1762  and  a  provindai  government 
established.    (O.  &  0.,  p.  389  el  Mg.) 

In  1783  the  territory  between  the  Altamaha  and  Saint  Mary's  Bivers 
was  added  to  Georgia  by  royal  prodamation.  ( Vide  South  Oarolina, 
p.  102.) 
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In  the  coDBtitation  adopted  by  Georgia  in  1798  the  boandaries  die 
declared.    The  following  is  an  extract  therefrom : 

The  limits,  boandaries,  JorisdictloDB,  and  aathority  of  the  State  of  Georgia  do,  and 
did,  and  of  right  ought  to  extend  from  the  sea  or  month  of  the  riyer  Savannah  along 
the  northern  branch  or  stream  thereof,  to  the  fork  or  confluenoe  of  the  riven  now 
called  Tugalo  and  Keowee,  and  from  thence  along  the  most  northern  branch  orslrMm 
of  the  said  river  Tugalo,  till  it  intersect  the  northern  boundary  line  of  Sonth  Caro- 
lina, if  the  said  branch  or  stream  of  Tugalo  extends  so  far  north,  reserring  all  the 
islands  in  the  said  rivers  Savannah  and  Tugalo  to  Georgia ;  but  if  the  head,  spring,  or 
source  of  any  branch  or  stream  of  the  said  river  Tugalo  does  not  extend  to  the  north 
boundary  line  of  South  Carolina,  then  a  west  line  to  the  Mississippi,  to  be  drawn 
ftt>m  the  head,  spring,  or  source  of  the  said  branch  or  stream  of  Tugalo  River,  which 
extends  to  the  highest  northern  latitu<f e ;  thence  down  the  middle  of  the  said  riv« 
Mississippi,  until  it  shall  intersect  the  northernmost  part  of  the  thirty-first  degree  of 
north  latitude,  south  by  a  line  drawn  due  east  from  the  termination  of  the  line  last  men- 
tioned, in  the  latitude  of  thirty -one  dejprees  north  of  the  equator,  to  the  middle  of 
the  river  Apalachicola  or  Chatahoochee ;  thence  along  the  middle  thereof,  to  its  junc- 
tion with  Flint  River ;  thence  straight  to  the  head  of  Saint  Mary's  River,  and  thence, 
along  the  middle  of  Saint  Mary's  River,  to  the  Atlantic  Ocean,  and  fh>m  thence  to 
the  mouth  or  inlet  of  Savannah  River,  the  place  of  beginning,  inoloding  and  com- 
prehending all  the  lands  and  waters  within  the  said  limits,  boundaries,  and  jurisdic- 
tional rights ;  and  also  all  the  islands  within  twenty  leagues  of  the  sea-coast. 

In  1802  Georgia  entered  into  articles  of  agreement  and  cession  with 
the  United  States,  whereby  Georgia  ceded  to  the  United  States  the 
lands  west  of  her  present  boandaries,  and  the  United  States  ceded  to 
Georgia  that  part  of  the  South  Carolina  cession  of  1787  which  lies  east 
of  the  present  western  boundary  of  Georgia.  The  following  extracts 
show  the  limits  of  the  two  cessions : 

The  State  of  Georgia  cedes  to  the  United  States  all  the  right,  title,  and  claim  which 
the  said  State  has  to  the  jiirisdiction  and  soil  of  the  lands  situated  within  the  boand- 
aries of  tho  United  States,  south  of  the  State  of  Tennessee  and  west  of  a  line  begin- 
ning on  the  western  bank  of  the  Chatahouchee  River  where  the  same  crosses  the 
boundary  line  between  the  United  States  and  Spain ;  running  thence  up  the  said  river 
Chatahouchee,  and  along  the  western  bank  thereof  to  the  great  bend  thereof,  next 
above  the  place  where  a  certain  creek  or  river,  called  **  Uchee"  (being  the  first  con- 
siderable stream  on  the  western  side,  above  the  Cussetas  and  Coweta  towns),  empties 
into  the  said  Chatahouchee  River ;  thence  in  a  direct  line  to  Nick^jack,  on  the  Ten- 
nessee River ;  thence  crossing  the  said  last-mentioned  river,  and  thence  ronning  op 
tho  said  Tennessee  River  and  along  the  western  bank  thereof  to  the  southern  bound- 
ary line  of  the  State  of  Tennessee. 

The  United  States  •  •  •  cede  to  the  State  of  Gfeorgia  •  •  •  the  lands 
*  *  *  situated  south  of  the  southern  boundaries  of  the  States  of  Tennessee,  North 
Carolina,  and  South  Carolina,  and  east  of  the  boundary  line  herein  above  described 
as  the  eastern  boundary  of  the  territory  ceded  b\  Georgia  to  the  United  States. 

For  a  history  of  the  boundary  between  Georgia  and  South  Carolina, 
vide  South  Carolina,  p.  102. 

The  history  of  the  boundary  between  North  Carolina  and  Georgia  has 
already  been  given  {vide  North  Carolina,  p.  101).  It  may  be  proper,  how- 
ever, to  add  that  this  line  (the  thirty-fifth  degree  of  north  latitude)  was 
fixed  by  the  cession  above  detailed,  from  the  United  States  to  Gtoorgia 
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of  that  part  of  the  Soath  OaioUna  oeBsion  east  of  the  piesent  western 
boundary  of  Georgia. 

A  long  controversy  ensned  between  Georgia  and  Forth  Oarolina,  with 
no  resnltBy  however,  ontil  in  1810  Georgia  empowered  her  governor  to 
employ  Mr.  Andrew  Ellioott  to  asoertain  the  tme  location  of  the  thirty- 
fifth  degree  of  latitude.  BUicott  did  so,  and  the  point  fixed  by  him 
was  acquiesced  in.    ( Vide  Oobb^s  Georgia  Digest,  p.  160.) 

The  boundary  between  Georgia  and  Tennessee  was  established  in  1818, 
and  is  as  follows,  viz :  The  thirty-fifth  parallel  of  north  latitude,  begin- 
ning and  ending  as  follows : 

Beginning  at  a  point  in  the  tme  parallel  of  the  thiiiy-fifth  degree  of  north  latitude, 
as  found  by  James  Cormack,  mathematician  on  the  part  of  the  State  of  Geoigia,  and 
James  8.  Chaines,  mathematician  on  the  part  of  the  State  of  Tennessee,  on  a  rook  about 
two  feet  high,  fbur  inches  thick,  and  fifteen  inches  broad,  engraTod  on  the  north  side 
thus :  '*  June  Ist,  1818 ;  var.  6|  east,"  and  on  the  south  side  thus :  "  Geo.  35  North ;  J. 
Cormaok,''  which  rock  stands  one  mile  and  twenty-eight  poles  firom  the  south  bank  of 
the  Tennessee  Biyer,  due  south  from  near  the  center  of  the  old  Indian  town  of  moka- 
Jack,  and  near  the  top  of  the  NickiO<^  Mountain,  at  the  supposed  comer  of  the  State 
of  Georgia  and  Alabama ;  thence  running  due  east,  leaTing  old  D.  Boss  two  miles  and 
eighteen  yards  in  the  State  of  Tennessee,  and  leading  the  house  of  John  Boss  about 
two  hundred  yards  in  the  State  of  Georgia,  and  the  house  of  Dayid  MdNair  one  mile 
and  one-fourth  of  a  mile  in  the  State  of  Tennessee,  with  biased  and  mile-marked  trees, 
lessening  the  yariation  of  the  compass  by  degrees,  closing  it  at  the  teraoination  of  the 
line  on  the  top  of  the  Unicoi  Mountain  at  five  and  one-half  degrees.  (  Vide  C.  Stat,  of 
Tenn.,  pp.  243-S44.) 

The  boundary  between  Georgia  and  Florida  was  fixed  by  the  treaty 
of  1783,  between  the  United  States  and  Great  Britain,  substantially  as  at 
present,  viz :  Oommendng  in  the  middle  of  the  Apalachioola  or  Oata- 
houche  Biver,  on  the  thirty-first  degree  of  north  latitude;  thence  along 
the  middle  thereof  to  its  junction  with  the  Flint  Biver;  thence  straight 
to  the  head^  of  Saint  Mary's  Biver,  and  thence  down  along  the  middle 
of  Saint  Mfury's  Biver  to  the  Atlantic  ocean  {vide  Treaty  of  1783).  This 
boundary  was  afQrmed  by  the  treaty  of  1796  between  the  United  States 
and  Spain,  and  commissioners  were  appointed  to  run  the  entire  line 
between  the  United  States  and  the  Spanish  territory.  (VufeTreaty  of 
1796.) 

In  1819  Spain  ceded  the  Floridas  to  the  United  States.  In  1822  Flor- 
ida was  made  a  Territory  and  in  1826  was  admitted  into  the  Union  as 
an  independent  State. 

In  1826  Oongress  took  action  as  indicated  below : 

UNTTBD  STATES  8TATUTI8  AT  LABOB,  HHISTBXNTH  0OKGBB88,  SB88ION  I,  1886. 

Alf  AOT  to  aatboilM  tk*  Prasldanlof  tk*Ualted  SlatM  tonmsad  BUffkaUiie  dlTi^ 

of  FbtkU  lk«B  thtt  BIrte  of  QMrgia. 


The  line  shall  be  rnn  Biraight  from  the  Junction  of  said  liyen  Chatahooohie  and 
Flint,  to  the  point  designated  as  the  head  of  Saint  ICaiys  Riyer. 

This  boundary  line  was  long  unsettled,  a  oontroversy  arising  conoem- 
hig  the  tme  point  to  be  considered  to  be  the  head  of  the  Saint  Mary^a 
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Biver,  as  Georgia  contended  that  the  point  fixed  upon  by  the  Spanish 
and  American  commissioners  nnder  the  treaty  of  1795  was  incorrect 
This  line  was  ran  in  1825  by  the  General  Land  Office. 

In  1859  commissioners  were  appointed  by  Georgia  and  Florida  to  reran 
the  line.    Florida  ratified  their  report  in  1861,  and  Georgia  in  1806. 

The  detailed  report  of  the  commissioners  is  not  at  hand,  bat  the  line  is 
declared  in  the  statntes  of  Georgia  as  follows,  viz : 

From  a  point  on  the  western  bank  of  the  Chattahoohee  River  in  the  31at  degree 
of  north  latitude;  thence  along  the  line  or  limit  of  high- water  mark  to  ite  Jnnction 
with  the  Flint  River ;  thence  sAoug  a  certain  line  of  survey  made  by  Oaatoviia  J.  Orr, 
a  sorveyor  on  the  part  of  Georgia,  and  W.  Whitner,  a  surveyor  on  the  part  of  Florida, 
beginning  at  a  four-and-aft  tree,  about  four  ohains  below  the  present  junction ;  theoee 
along  this  line  east,  to  a  point  designated  thirty-seven  links  north  of  Ellicotfs 
Mound  on  the  St.  Mary's  River;  thence  along  the  middle  of  said  river  to  the  Atlantie 
Ocean.    ( Vide  Code  of  Ga.,  1873,  p.  7.) 

This  line  is  also  given  in  the  code  of  Florida,  and  differs  in  one  re- 
spect, viz,  from  the  thirty-first  degree  of  north  latitude  down  the  middle 
of  said  river  to  its  conflnence  with  the  Flint  Biver,  etc.  ( Vide  Oode  of 
Florida,  1872.) 

The  line  between  Georgia  and  Alabama  was  flxel  by  the  act  of  ces- 
sion of  Georgia  to  the  United  States  in  1802. 

In  1822-'25,  Georgia  desiring  to  have  the  line  run  from  the  Chatta- 
hoochee to  where  it  strikes  the  Tennessee  line,  appointed  commissionen 
for  that  pnrpose,  and  requested  the  co-operation  of  Alabama  and  the 
United  States,  both,  however,  failing  to  take  action.  The  Georgia  com- 
missioners ran  the  line  from  Nick^jack,  on  the  Tennessee  line,  to  Mil- 
ler's Bend,  on  the  Chattahoochee.  (For  a  history  of  the  controversy  con- 
cerning this  line,  vide  laws  of  Georgia,  1822-'24-'25-'26.) 

Alabama  protested  against  the  above  line  and  made  repeated  efforts 
to  reopen  negotiations  concerning  it,  to  all  of  which  Georgia  sturdily 
refused  to  accede,  until  iinally,  January  24,  1840,  the  legislatore  of 
Alabama  passed  the  following  joint  resolution,  viz: 

Beaolvedf  That  the  State  of  Alabama  wiU,  and  do,  hereby  accept,  as  the  troe  dividing 
line  between  this  State  and  that  of  Georgia,  the  line  which  was  run  and  marked  oat 
by  the  commissioners  of  Georgia  in  1826,  beginning  at  what  is  called  Miner's  Bendt 
on  the  Chattahoochee  River ;  thence  along  said  marked  line  to  Nicki^ack. 

The  line  is  given  in  the  code  of  Alabama  in  the  following  words,  viz: 

The  boundary  line  between  Alabama  and  Georgia  commences  on  the  west  side  of 
the  Chattahoochee  River  at  the  point  where  it  enters  the  State  of  Florida;  from 
thence  np  the  river,  along  the  western  bank  thereof,  to  the  point  on  Miner's  Bend 
next  above  the  place  where  the  Uchee  Creek  empties  into  snch  river ;  thence  in  a  di- 
rect line  to  Nickajack.     (See  code  of  Alabama,  1876^  p.  189.) 

In  James's  Hand-book  of  Georgia,  1876,  p.  121,  is  the  following  de- 
scription of  the  western  boundary  of  Georgia,  viz : 

From  Nickajack  the  line  between  Georgia  and  Alabama  runs  south  9^  W  east  to 
Miller's  Bend,  on  the  Chattahoochee  River,  about  146  miles ;  thence  down  the  western 
bank  of  the  river  at  high-watex  mttckto  its  function  with  Flint  River,  at  a  point  now 
four  chains  below  the  actTia\inact\oTi,\«A\W^^?«JP  \SS  ^^"  .Vs^^^'o^d.e  80®  53'  IB". 
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I'loriHa  was  originally  settled  by  the  Spaniards,  and  was  held  as  a 
Spanish  ])rovince  nearly  two  hundred  years.  In  1762  it  was  ceded  by 
Spain  to  Groat  Britain,  who  divided  it  into  the  two  provinces  of  Bast  and 
West  r'lorida,  separated  by  the  Apalachicola  River,  with  a  northern 
boundary  substantially  as  at  present.  {Vide  Fairbanks'  History  of 
Florida.) 

In  1783  Great  Britain  retroceded  Florida  to  Spain,  and  the  northern 
boundary  was  tixed  by  the  treaty  of  |)eace  between  the  United  States 
and  Great  Britain  signed  in  the  same  year,  Spain,  however,  claimed 
the  territory  as  far  north  as  the' parallel  of  latitude  of  the  moutk  of  the 
Yazoo  River. 

Previous  to  this,  in  1763,  France  had  ceded  Louisiana  to  Spain,  which 
Spain  retroceded  to  France  in  1800,  and  in  1803  France  ceded  the  same 
to  the  United  States,  who  claimed  that  the  eastern  boundary  of  the 
said  province  of  Louisiana,  so  often  ceded,  was  the  Perdido  River,  while 
Spain  claimed  it  to  be  the  Iberville  Biver  and  Lakes  Maurepas  and  Pont- 
cbartrain.  The  controversy  arising  from  the  difference  of  interpreta- 
tion of  these  various  treaties  and  cessions  was  terminated  by  the  treaty 
of  Washington  in  1819,  whereby  Spain  ceded  to  the  United  States  the 
l)rovince«  of  East  and  West  Florida. 

Jn  IVIarch  30, 1822,  by  an  act  of  Congress,  the  territory  ceded  to  the 
United  States  by  Spain  was  made  the  "  Territory  of  Florida,"  embrac- 
ing the  same  extent  as  does  the  present  State. 

On  March  3,  1845,  Florida  was  admitted  into  the  Union  as  an  inde- 
pendent State. 

(For  a  liistory  of  the  northern  boundary  of  Floridartiie  Georgia,  p.  105.) 

In  1831  Congress  passed  an  act  relating  to  the  boundary  between 
Florida  and  Alabama,  of  which  the  following  is  an  extract: 

A  N  ACT  to  ascertaiii  aod  mark  the  line  between  the  State  of  Alabuna  and  the  Territory  of  Florida, 
and  the  northern  boundary  of  the  State  of  niinois,  and  for  other  porposea. 

That  the  Prosideut  of  the  United  States  be,  and  he  is  hereby,  authorized  to  cause 
t(i  be  rnu  and  marked  the  boundary  line  between  the  State  of  Alabama  and  the  Ter- 
ritory of  Florida,  by  the  surveyors-general  of  Alabama  and  Florida,  on  the  thirty- 
fipHt  deforce  of  north  latitnde. 

(  Vide  U.  S.  Strtt.  at  Large,  Vol.  IV,  p.  479.) 

In  1847  the  agreement  ofcommissioners  previously  appointed  by  Flor- 
idii  iind  Alabama  was  ratified,  and  the  line  is  described  as  follows,  viz: 

Connnoncing  on  the  Chattahoochee  Iliver  near  a  place  known  as  ''Irwin's  Mills'' 
and  running  west  to  the  Perdido,  marked  throughout  by  bla/es  on  the  trees,  and  also 
by  mounds  of  earth  thrown  np  on  the  line  at  distances  of  one  mile,  more  or  less,  from 
eacli  other,  and  commonly  known  as  '*  EUioott's  Line,'*  or  the  ''Mound  Line."  (  Fide 
Florida  Code,  1873,  p.  100.) 

This  line  was  run  in  1799-1800  by  A.  FAVVtoU.    T\v^\\\!LVh^^^^^^3t'is.vs^. 

vomeaswod.  and  marked  in  1853-54. 
Ball.  171 S 
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The  line  between  the  two  States  is  given  in  general  terms  in  the 
Florida  Code  as  follows,  viz : 

CommeDcing  at  the  moath  of  the  Peidido  RiYor,  from  thenoe  up  tbe  middle  of  said 
rirer  to  where  it  intersects  the  south  bomidaiy  line  of  the  State  of  Alabama  aad  the 
thirty-first  degree  of  Dorth  latitude ;  then  dae  east  to  the  Chattahooohee  RiT«r. 


ALABAMA. 

In  1798  the  United  States  formed  IheTerritory  of  Mississippi,  indnd- 
ing— 

All  that  tract  of  country  bounded  on  the  west  by  the  Mississippi,  on  the  north  by 
a  line  to  be  drawn  due  east  from  the  month  of  the  Tasous  to  the  Chattahoiichee  SiTsr, 
on  the  east  by  the  Chattahouohee  Riyer,  and  on  the  south  by  the  thirty-first  degree  of 
north  latitude.    ( Vide  U.  8.  Stat,  at  Large,  Vol.  I,  p.  549.) 

In  this  act  was  a  clause  reserving  the  right  of  Georgia  and  of  indi- 
viduals to  the  jurisdiction  of  the  soil  thereof. 

South  Carolina  and  Georgia  having  ceded  to  the  United  States  their 
claim  to  territory  west  of  their  present  limits,  the  General  Govemment, 
in  1804,  by  an  act  of  Congi^ess,  annexed  the  tract  of  country  lying 
north  of  Mississippi  Territory  and  south  of  the  State  of  Tennessee,  and 
bounded  on  the  east  by  Georgia  and  west  by  Louisiana,  to  the  Terri- 
tory of  Mississippi.  ( Vide  U.  S.  Stat,  at  Large,  Vol.  II,  p.  305.)  Also 
in  1812  the  United  States  added  to  Mississippi  Territory  all  the  lands 
lying  east  of  Pearl  Eiver,  west  of  the  Perdido  and  south  of  the  thirty- 
first  degree  of  latitude.    ( Vide  U.  S.  Stat,  at  Large,  Vol.  II,  p.  734.) 

By  these  additions  the  Territory  of  Mississippi  was  made  to  comprise 
what  is  now  included  in  the  two  States  of  Alabama  and  Mississippi 
On  March  8, 1817,  by  an  act  of  Congress  the  Territory  of  Alabama  was 
formed  from  the  eastern  portion  of  the  Territory  of  Mississippi,  with 
the  following  boundaries,  viz : 

Beginning  at  the  point  where  the  line  of  the  thirty-first  degree  of  north  latitude 
intersects  the  Perdido  River ;  thence  eaat  to  the  western  boundary  line  of  the  State 
of  Georgia;  thence  along  said  line  to  the  southern  boundary  line  of  the  State  of  Ten- 
nessee ;  thence  west  along  said  boundary  line  to  the  Tennessee  River ;  thence  up  tlie 
same  to  tbe  mouth  of  Bear  Creek;  thence  by  a  direct  line  to  the  northwest  oomerof 
Washington  County ;  thence  due  south  to  the  Gulf  of  Mexico ;  thence,  eastwardly,  in- 
cluding all  the  islands  within  6  leagues  of  the  shore,  to  the  Perdido  River;  and  thenoe 
up  the  same  to  the  beginning.     ( Vide  U.  S.  Stat,  at  Large,  Vol.  Ill,  p.  371. ) 

On  December  14,  1819,  Alabama  was  admitted  as  an  independent 
State,  with  the  above  boundaries.  It  was,  however,  made  the  dutyrf 
the  surveyor  of  the  public  lands  south  of  Tennessee  and  the  surveyor 
of  lands  in  Alabama  Territory  to  run  and  cut  out  the  line  of  demaicft- 
tion  between  the  two  States  of  Alabama  and  Mississippi,  and  if  it 
should  appear  to  said  Bwrveyors  that  so  much  of  the  line  designated  as 
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running  due  sontli  from  the  northwest  comer  of  Washington  Goanty  to 
the  Gulf  of  Mexico  should  encroach  on  the  counties  of  Wayne, Greene, 
and  Jackson,  in  the  State  of  Mississippi,  then  the  same  should  be  altered 
so  as  to  run  in  a  direct  line  from  the  northwest  corner  of  Washington 
County  to  a  point  on  the  Gulf  of  Mexico  10  miles  east  of  the  mouth  of 
the  Kiver  Pascagonla.  ( Vide  U.  B.  Stat  at  Large,  Vol.  Ill,  p.  490.) 
This  line  was  run  and  marked  in  1820. 

(For  the  history  of  the  boundaries  between  Alabama  and  Georgia 
vide  Georgia,  p.  106.  For  the  history  of  the  boundaries  between  Ala- 
bama and  Florida  vide  Florida,  p.  107.) 

The  boundary  between  Alabama  and  Tennessee  is  the  thirty-fifth  par- 
allel of  north  latitude  (vtrfe  North  Carolina,  p.  101);  from  Nickajack 
(vide  Georgia,  p.  104)  west  across  the  Tennessee  Eiver,  and  on  to  the  sec- 
ond intersection  of  said  river  by  said  parallel.  (Fidtf  Alabama  Code, 
1876,  p.  189.) 

The  boundary  between  Alabama  and  Mississippi  was  to  be  ran  by 
surveyors,  under  the  act  of  admission  of  Alabama.  The  report  of  said 
surveyors  is  not  at  hand,  but  the  line  as  laid  down  in  the  Mississippi 
Code  is  as  follows,  viz : 

Beginning  at  a  point  on  the  west  bank  of  the  Tennessee  Riyer,  six  fonr-pole  chains 
south  of,  and  above,  the  month  of  Yellow  Cieek ;  thence  ap  the  said  river  to  the 
mouth  of  Bear  Creek;  thence  by  a  direct  line  to  what  was  fonnerly  the  northwest 
comer  of  Washington  County,  Alabama ;  thence  in  a  direct  line  to  a  point  ten  miles 
east  of  the  Pascagonla  Biver,  on  the  Gnlf  of  Mexico.    ( Vide  Mississippi  Code,  pp.  48, 49). 


MISSISSIPPI. 

(For  the  early  history  of  the  extent  of  Mississippi  Territory  vide  Alsk- 
bama,  p.  108.) 

On  December  10, 1817,  the  western  part  of  the  Mississippi  Territory 
was  made  a  State  and  admitted  into  the  Union,  with  the  following 
boundaries,  viz : 

Beginning  on  the  river  Mississippi  at  the  point  where  the  sonthem  boundary  of 
tbo  State  of  Tennessee  strikes  the  same ;  thence  east  along  the  said  boundary  hue  to 
the  Teunessee  River;  thence  up  the  same  to  the  mouth  of  Bear  Creek;  thenoe  by  a 
direct  line  to  the  northwest  comer  of  the  county  of  Washington ;  thence  due  south 
to  the  Gulf  of  Mexico ;  thence  westwardly,  including  all  the  islands  within  six  leagues 
of  the  shore,  to  the  most  eastern  Junction  of  Pearl  River  with  Lake  Borgne ;  thence 
HI)  said  river  to  the  thirty-first  degree  of  north  latitude;  thence  west  along  said  de- 
gree of  latitude  to  the  Mississippi  River ;  thence  up  the  same  to  the  beginning. 
( Vide  U.  S.  Stat,  at  Large,  Vol.  m,  p.  34a) 

( For  further  information  concerning  eastern  boundary,  vide  Alabama, 
p.  108.) 

In  1819  the  line  between  Mississippi  and  Tennessee  was  ran  by  com- 
missioners.   Their  report  is  not  at  hand.    In  1833  the  leg^alatnsft^  ^^ 
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Tennessee  passed  an  act  establishing  ^^  Thompson's  line."  The  details 
of  ^^ Thompson's  line"  have  not  been  fonnd.  In  1837  the  line  was  again 
ran  by  commissioners  from  the  two  States,  and  ratified  by  the  legis- 
latores.    The  commissioners'  report  was  as  follows,  viz: 

Commencing  at  a  point  on  the  west  bank  of  the  Tennessee  RiYer  six  foor-pole 
chains  south,  or  above  the  month  of  Yellow  Creek,  and  about  thiee-qnartem  of  a  mile 
north  of  the  line  known  aa  ''Thompson's  line,"  and  twenty-six  chains  and  ten  links 
north  of  Thompson's  line  at  the  basis  meridian  of  the  Chickasaw  surveyBy  and  ter- 
minating at  a  point  on  the  east  bank  of  the  Mississippi  Biver  (opposite  Cow  Island) 
sixteen  chains  north  of  Thompson's  line.    (See  Laws  of  TennesMe,  1837,  p.  27.) 

The  boondaries  were  fixed  by  the  act  of  Congress  admitting  the  State 
of  Mississippi,  as  follows,  viz : 

Commencing  at  the  most  eastern  junction  of  Fearl  Biver  with  Lake  fiorgne,  thenee 
up  said  Pearl  Biver  to  the  thirty-first  degree  of  north  latitude,  thenoe  west  along 
said  degree  of  latitude  to  the  Mississippi  Biver,  thence  up  the  same  to  the  point  when 
the  southern  boundary  of  Tennessee  strikes  tiie  same.  (See  U.  S.  Laws,  voL  6^  p. 
175.) 

Mississippi  claims  to  the  middle  of  the  Mississippi  Biver,  where  the 
river  forms  her  western  boundary.    (See  Bev.  Stat,  1857.) 


LOUISIANA. 

The  original  territory  of  Louisiana  was  acquired  from  France  (see  p. 
21).  Id  1804,  a  portion  of  this,  comprisiug  the  area  of  the  present 
State  of  Loaisiaoa,  with  the  exception  of  the  southeastern  portion  im- 
mediately adjoining  the  present  State  of  Florida,  was  organized  into  a 
territory  under  the  name  of  Orleans,  while  the  balance  of  the  Louis- 
iana purchase  retained  the  name  of  Louisiana  Territory.  On  April  30, 
1812,  the  Territory  of  Orleans  was  admitted  as  a  State  under  the  name 
of  Louisiana,  and  at  the  same  time  the  name  of  the  Territory  of  Louis- 
iana was  changed  to  Missouri  Territory.  In  the  same  year  the  limits  of 
the  State  were  enlarged  in  the  southeast  to  its  present  boundaries. 

The  following  act  defines  the  Territory  of  Orleans  : 

All  that  portion  of  conntry  ceded  by  France  to  the  United  Statea,  under  the  nanM 
of  Louisiana,  which  lies  south  of  the  Mississippi  territory,  and  of  an  east  and  veit 
line  to  commence  on  the  Mississippi  River  at  the  thirty-third  degree  of  north  latitude, 
and  to  extend  west  to  the  western  boundary  of  the  said  cession,  sbaU  constitDtes 
Territory  of  the  United  States,  under  the  name  of  the  Territory  of  Orleans.  (Eighth 
Congress,  first  session.) 

The  following  clause  from  the  act  admitting  Louisiana  defines  its 
ori^nal  boundaries : 

Beginning  at  the  mouth  of  the  river  Sabine,  thence  by  a  line  to  be  drawn  along 
the  middle  of  said  river,  including  all  islands,  to  the  thirty-second  degree  of  latitude; 
thence  due  north  to  the  northernmost  part  of  the  thirty-third  degree  of  north  lati- 
^nde ;  thence  aloikg  the  aai^  '!^«ixd^\c\  oi\\sAMwde  to  the  river  Mississippi ;  thenoe  dowa 


ARK.        I 

b-V-" 

C^ 

HISTORtCAL  DIAGRAM  OF  LOUISIA 


HISTORICAL  DIAGRAM  C 


GANNETT]  LOUISIANA — TEXAS.  Ill 

the  said  river  to  the  river  Iberville;  and  f^om  thence  along  the  middle  of  the  said 
river  and  lakes  Maurepas  and  Pontchartrain  to  the  Qnlf  of  Mexico;  thence,  bounded 
by  the  said  Gulf,  to  the  place  of  beginning,  including  all  islands  within  three 
leagues  of  the  coast.     (Twelfth  Congress,  first  session.) 

The  following  is  a  description  of  the  addition  to  the  State  of  Loaisi- 
ana,  in  terms  of  the  act: 

Beginning  at  the  Junction  of  the  Iberville  with  the  river  Mississippi,  thence  along 
the  middle  of  the  Iberville,  the  river  Amite,  and  of  the  lakes  Maurepas  and  Pont> 
chartrain,  to  the  eastern  mouth  of  the  Pearl  River;  thence  up  the  eastern  branch  of 
Pearl  River  to  the  thirty- first  degree  of  north  latitude;  thence  along  the  said  degree 
of  latitude  to  the  river  Mississippi ;  thenoedown  the  said  river  to  the  place  of  begin- 
ning, shall  become  and  form  a  part  of  the  State  of  Louisiana.  (Twelfth  Congress, 
first  session.) 

The  north  boundary  of  Louisiana  was  surveyed  by  a  joint  commission 
of  the  State  and  the  United  States. 

TEXAS. 

Texas  declared  its  independence  of  Mexico  in  1835.  On  December 
29,  1S45,  it  was  admitted  to  the  Union.  As  originally  constituted,  it 
embraced  besides  its  present  area  the  region  east  of  the  Eio  Grande, 
now  in  New  Mexico,  extending  north  to  the  forty-second  parallel,  its 
eastern  limits  coinciding  with  the  western  limit  of  the  United  States, 
as  laid  down  in  the  treaty  with  Spain  of  1819.  (See  "Texas  accession," 
p.  24.) 

In  1848,  the  eastern  boundary  of  the  State  was  extended  slightly, 
as  noted  in  the  following  act: 

lie  it  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United  States  of  Amer- 
ica in  Congress  assembled j  That  this  Congress  consents  that  the  legislature  of  the 
State  of  Texas^  may  extend  her  eastern  boundary  so  as  to  include  within  her  limits 
one-half  of  Sabine  Pass,  one-half  of  Sabine  Lake,  alsoone-half  of  Sabine  River,  from 
its  mouth  as  far  north  as  the  thirty-second  degree  of  north  latitude. 

In  1850,  the  State  sold  to  the  General  Government  for  the  sum  of 
$IO,0()(),0(K),  that  part  lying  north  of  the  parallel  of  36°  30',  and  that 
portion  lying  west  of  longitude  103°,  as  far  south  as  the  parallel  of  32^, 
as  set  forth  in  the  following  clause  from  the  act  of  Congress  relating 
to  this  transfer: 

First.  The  State  of  Texas  will  agree  that  her  boundary  on  the  north  shall  commence 
at  the  point  at  which  the  meridian  of  one  hundred  degrees  west  from  Greenwich  is 
intersected  by  the  parallel  of  thirty-six  degrees  thirty  minutes  north  latitude,  and 
shall  run  from  said  point  due  west  to  the  meridian  of  one  hundredand  three  degrees 
west  from  Greenwich;  thence  her  boundary  shall  run  due  south  to  the  thirty-second 
degree  of  north  latitude;  thence  on  the  said  parallel  of  thirty-two  degrees  of  north 
latitude  to  the  Rio  Bravo  del  Norte,  and  thence  with  the  channel  of  said  river  to 
the  Gulf  of  Mexico.     (Thirty-first  Congress,  first  session.) 

The  following  act  defines  the  northern  boundary  of  Texas: 

AN  AOT  to  authorize  the  President  of  the  Unite<l  States,  in  conjunction  with  the 
Statt^  of  Texas,  to  run  and  mark  the  boundary  lines  between  the  Territories  of  the 
United  States  and  the  State  of  Texas. 

Beginning  at  the  point  where  the  one  hundreth  degree  of  longitude  west  from 
Greenwich  crosses  Red  River,  and  running  thence  north  to  t\i^ -^ovcvX.  V^a«^^ ^"^SAi. <s^^ 
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hundredth  degree  of  longitude  intersects  the  parallel  of  thirty*8ix  degrees  thirty 
minutes  north  latitude,  and  thcni^e  west  with  the  said  parallel  of  thirty-six  degrees 
and  thirty  minutes  north  latitude  to  the  point  where  it  intersects  the  one  hundred 
and  third  de^ee  of  longitude  west  from  Oreenwioh;  and  thence  south  -with  the  said 
one  hundred  and  third  degree  of  longitude  to  the  thirty-second  parallel  of  north 
latitude;  and  tbence  west  with  said  thirty-second  degree  of  north  latitude  to  the 
Rio  Grande.     (Thirty-fifth  Cong.,  first  session.) 

The  boundary  line  of  Texas  is  as  follows :  Beginning  in  the  Gulf  of 
Mexico,  at  the  outlet  of  Sabine  Lake,  the  line  passes  northward 
through  the  middle  of  Sabine  Lake  and  up  the  middle  of  Sabiue  Biver 
to  the  point  where  said  river  intersects  tlie  parallel  of  32<=^;  thence 
north  along  the  meridian  of  that  point  of  intersection  to  the  i)oint 
where  said  meridian  intersects  Eed  River;  thence  up  Red  River  to  the 
one  hundredth  meridian  west  of  Greenwich;  thence  north  on  said 
meridian  to  the  x^arallel  of  36°  30';  west  on  said  parallel  to  the  meri- 
dian of  1030  west  of  Greenwich;  thence  south  on  said  meridian  to  the 
parallel  of  latitude  of  32^ ;  thence  west  on  that  parallel  to  its  point  of 
intersection  with  the  Kio  Grande;  thence  down  the  mid-channel  of  the 
Rio  Grande  to  its  mouth. 

That  portion  of  the  east  boundary  between  Red  River  and  the  Sabine 
was  run  and  marked  by  a  joint  commission  of  the  United  States  and 
Texas  in  1841. 

The  boundary  lines  between  Texas  and  New  Mexico  were  run  and 
marked  in  1859-GO,  under  the  Department  of  the  Interior. 

ARKANSAS. 

The  Territory  of  Arkansas,  or  Arkansaw,  as  it  was  originally  spelled, 
was  forme<l.on  March  2,  1819,  from  a  part  of  Missouri  Territory.  The 
following  clause  from  the  act  establishing  it  defines  its  limits  in  part: 

All  that  part  of  the  Territory  of  Missouri  which  lifs  south  of  a  line  beginning  on 
the  Mis8i8six)pi  Kiver  at  thirty-six  degrees  north  latitude,  running  thence  west  to  the 
river  St.  Franvois,  tlience  up  the  same  to  thirty-six  degrees  thirty  minutes  north 
latitude,  and  thence  west  to  the  western  Territorial  bouudary  line,  shall,  for  the  pur- 
poses of  a  Territorial  government,  constitute  a  separate  Territory  and  be  called  the 
Arkansaw  Territory. 

In  1824  an  act  was  passed  by  Congress  fixing  the  western  boundary 
of  the  Territory.    This  was  as  follows: 

AN  ACT  to  tix  tho  western  boundary  line  of  the  Territory'  of  Arkansas,  and  for  other  purpo«Q«. 

The  western  boundary  lin«>  of  the  Territory  of  Arkansas  shall  begin  at  a  point 
forty  miles  west  of  tli«  southwest  comer  of  the  State  of  Missouri  and  run  south  to 
the  right  bank  of  the  Red  River,  and  thence  down  the  river  and  with  the  Mexican 
boundary  to  the  line  of  the  State  of  Louisiana 

Four  years  later,  in  1828,  the  following  act  was  passed  defining  its 
southern  boundary : 

AN  ACT  tu  authorize  the  President  of  the  Unite<l  StutoH  to  run  uud  luark  a  lino  dividing  the 
Territory  of  Arkansas  from  the  State  of  Louisiaua. 

Commencing  on  the  right  bank  of  the  Mississippi  River  at  latitude  thirty-three 
degrees  north  and  running  due  west  on  that*  i)arallel  of  latitude  to  where  a  line 
rnnnjng  due  north  from  latitude  \,\i\Yt^ -two  decrees  north  on  the  Sabine  River  will 
'  tersect  the  same. 
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The  south  boundary  was  originally  run  in  1823,  and  again  in  1843-45, 
by  a  joint  commission  of  the  two  States  of  Arkansas  and  Missouri. 

Tlie  same  year  the  following  treaty  changed  materially  the  western 
line  of  the  Territory,  placing  it  in  its  present  position : 

TREATY    WITH   THE   CHEROKEE   INDIANS   MAY  28,  1828. 

An  ricLK  1.  Tho  western  boaudary  of  Arkansas  shall  be,  and  the  same  is,  hereby 
(lefiuod,  viz:  A  line  shall  be  run,  commencing  on  Red  River  at  the  point  where  the 
EaHtern  Choctaw  line  strikes  said  river,  and  run  due  north  with  saidlme  to  the  river 
Arkansas;  thence  in  a  line  to  the  southwest  comer  of  Missouri. 

The  Eastern  Choctaw  line,  referred  to  above,  starts  on  the  Arkansas 
Kiver  '^one  hundred  paces  west  of  Fort  Smith,  and  thence  due  south  to 
the  Ked  River."    (Treaty  with  Choctaw  Nation,  January  20,  1825.) 

This  part  of  the  west  boundary  was  run  and  marked  in  1825,  and  that 
part  from  Fort  Smith  to  the  southwestern  corner  of  Missouri  in  1831. 
The  entire  western  boundary  was  resurveyed  and  re-marked  in  1877. 

Arkansas  was  admitted  as  a  State  June  15,  1836. 

The  following  extracts  from  the  enabling  act,  and  from  various  con- 
stitutions, give  statements  of  the  boundaries,  differing  slightly  Irom 
one  another,  but,  for  the  most  part,  only  in  wording: 

CONSTITUTION  OF  ARKANSAS,  1836. 

licgiiming  iu  the  middle  of  the  main  channel  of  the  Mississippi  Kivor  on  the  parallel 
of  3()  degrees  north  latitude;  running  from  thence  west  with  the  parallel  of  latitude 
to  the  Saint  Francis  River ;  thence  np  the  middle  of  the  main  channel  of  said  river  to 
the  parallel  of  thirty-six  degrees  thirty  minutes  north;  from  thence  west  to  the 
southwest  corner  of  tho  State  of  Missonri;  and  from  thence  to  he  hounded  on  the  west 
to  the  north  bank  of  Red  River,  as  by  acts  of  Congress  and  treaties  heretofore  defining 
the  western  limits  of  tho  Territory  of  Arkansas,  and  to  be  bounded  on  the  south  side 
of  Red  River  by  the  Mexican  boundary  line  to  the  northwest  corner  of  the  State  of 
Louisiana ;  thence  east  by  the  Louisiana  State  line  to  the  middle  of  the  main  channel 
of  the  Mississippi  River;  thence  up  the  middle  of  tho  main  channel  of  said  river  to 
the  thirty-sixth  degree  of  north  latitnde,  the  point  of  beginning. 

Again,  in  the  enabling  act  for  Arkansas,  1836  (Twenty-fourth  Con- 
gress, first  session),  the  boundaries  are  found  to  be  defined  as  follows: 

Beginning  in  tho  middle  of  the  main  channel  of  the  Mississippi  River,  on  the 
parallel  of  thirty-six  degrees  north  latitude,  running  from  thence  west,  with  the  said 
parallel  of  latitude,  to  the  St.  Francis  River;  thence  up  the  middle  of  the  main  chan- 
nel of  said  river  to  the  parallel  of  thirty-six  degrees  thirty  minntes  north ;  from  thence 
west  to  tho  southwest  corner  of  the  State  of  Missouri ;  and  from  thence  to  be  bounded 
on  the  west,  to  tho  north  bank  of  Red  River,  by  the  line  described  in  the  first  article 
of  the  treaty  between  the  United  States  and  the  Cherokee  Nation  of  Lidians,  west  of 
the  Mississippi,  made  and  concluded  at  the  city  of  Washington,  on  the  twenty -sixth 
day  of  May,  in  the  year  of  our  Lord  one  thousand  eight  hundred  and  twenty-eight; 
and  to  be  hounded  on  the  south  side  of  Red  river  by  the  Mexican  bonndary  line  to 
the  northwest  corner  of  the  State  of  Louisiana;  thenoe  east  with  the  Louisiana  State 
line  to  the  middle  of  the  main  channel  of  the  Mississippi  River;  thence  np  the  middle 
of  the  main  channel  of  the  said  river  to  the  thirty-sixth  degree  of  north  latitude,  the 
point  of  beginning. 
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In  the  constitatioD  of  1864  the  boandaries  are  defined  as  follows: 

Beginning  in  the  middle  of  the  MiseiBsippi  River,  on  the  parallel  of  thirty-dx 
degrees  north  latitude,  to  the  St.  Francis  River;  thence  up  the  middle  of  the  main 
channel  of  said  river  to  the  parallel  of  thirty-six  degrees  thirty  minutes  norths  thence 
west  to  the  southwest  comer  of  the  State  of  Missouri ;  and  from  thence  to  be  bounded 
on  the  west  to  the  north  bank  of  Red  River,  as  by  acts  of  Congress  of  the  United 
States,  and  the  treaties  heretofore  defining  the  western  limits  of  the  Territory*  of 
Arkansas ;  and  to  be  bounded  on  the  south  side  of  Red  River  by  the  boundary  line  of  the 
State  of  Texas,  to  the  northwest  comer  of  the  State  of  Louisiana;  thence  east  with 
the  Louisiana  State  line  to  the  middle  of  the  main  channel  of  the  Missiseippi  River; 
thence  up  the  middle  of  the  main  channel  of  said  river  to  the  thirty-sixth  degree  of 
north  latitude,  the  point  of  beginning. 

The  constitatioQ  of  1868  differs  bat  slightly  from  the  last.  It  is  as 
follows: 

Beginning  at  the  middle  of  the  main  channel  of  the  Mississippi  River,  on  the  par- 
allel of  36<^  north  latitude,  rnuning  from  thence  west,  with  the  said  parallel  of  lati- 
tude, to  the  Saint  Francis  River;  thence  up  the  middle  of  the  main  channel  of  said 
river  to  the  parallel  of  36^  30^  north ;  from  thence  west  with  the  boundary  line  of  the 
State  of  Missouri  to  the  southwest  comer  of  that  State ;  and  thence  to  be  bounded  on 
the  west  to  the  north  bank  of  Red  River,  as  by  acts  of  Congress  and  treaties  hereto- 
fore defining  the  western  limits  of  the  Territory  of  Arkansas;  and  to  be  bounded  on 
the  south  side  of  Red  River  by  the  boundary  line  of  the  State  of  Texas  to  the  north- 
west comer  of  the  State  of  Louisiana;  thence  east  with  the  Louisiana  State  line  to 
the  middle  of  the  main  channel  of  the  Mississippi  River;  thence  up  the  middle  of  the 
main  channel  of  said  river,  including  an  island  in  said  river  known  as  ''Belle  Point 
Island,"  to  the  36*^  of  north  latitude,  the  place  of  beginning. 

In  the  constitution  of  1874  there  are  again  slight  differences,  mainly 
in  wording. 

Beginning  at  the  middle  of  the  main  channel  of  the  Mississippi  Rivor,  on  the  par- 
allel of  thirty -nix  degrees  uf  north  latitude;  runnin<^  thence  west  with  said  parallel 
of  latitude  to  the  middle  of  the  main  channel  of  the  Saint  Francis  River;  thence  np 
the  main  channel  of  said  last-named  river  to  the  parallel  of  thirty-six  degrees  thirty 
minutes  of  north  latitude;  thence  west  with  the  southern  boundary  line  of  the  State 
of  Missouri  to  the  southwest  corner  of  said  last-named  State;  thence  to  be  bounded 
on  the  west  to  the  north  bank  of  Red  River,  as  by  act  of  Congress  and  treaties  exist- 
ing January  1,  1837,  detiuing  the  western  limits  of  the  Territory  of  Arkansas  and  to 
be  bounded  across  and  south  of  Red  River  by  the  boundary  line  of  the  State  of  Texas 
as  far  as  to  the  northwest  corner  of  the  State  of  Louisiana;  thence  eaeterly  with  the 
northern  boundary  line  of  said  last-named  State,  to  the  middle  of  the  main  channel 
of  the  Mississippi  River;  thence  up  the  middle  of  the  main  channel  of  said  last- 
named  river,  including  an  island  in  said  river  known  as  '^  Belle  Point  Island/'  and 
all  other  land  originally  surveyed  and  included  as  a  part  of  the  Territory  or  State 
of  Arkansas  to  the  thirty-sixth  degree  of  north  latitude,  the  place  of  beginning. 

TENNESSEE. 

Tennessee  was  originally  a  part  of  North  Carolina.  (For  further  in- 
formation vide  North  Carolina,  p.  98.) 

In  1790  it  was  ceded  to  tlie  United  States.  Its  boundaries  described 
in  the  act  of  cession  are,  substantially,  those  of  the  present  day. 

On  June  1, 1796,  by  an  act  of  (^ongress  it  was  admitted  into  the  Union. 

The  act  of  admission  declares  its  boundaries  as  "All  the  territory 
ceded  by  North  OaroWwa,^^ 
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(For  the  history  of  the  eastern  boundary,  vide  North  Carolina,  p.  101; 
for  the  southern  boundary,  vide  Georgia,  p.  105,  Alabama,  j).  109,  and 
Mississippi,  p.  109.) 

The  Mississippi  River  forms  its  western  boundary  under  the  treaty 
of  peace  of  1783. 

The  line  which  divided  Virginia  and  North  Carolina  was  the  southern 
boundary  of  Kentucky.  Virginia  and  North  Carolina,  prior  to  the  cre- 
ation of  the  States  of  Kentucky  and  Tennessee,  appointed  commis- 
sioners, Messrs.  Walker  and  Henderson,  to  run  and  mark  the  line  on 
the  parallel  of  latitude  36°  30'.  Prom  a  point  on  the  top  of  the  Cum- 
berland Mountains,  now  the  southeastern  corner  of  Kentucky,  Walker 
ran  and  marked  the  line  to  a  point  on  the  Tennessee  Biver.  This  line, 
called  Walker's  line,  was  regarded  for  many  years  as  the  dividing  line 
between  Kentucky  and  Tennessee.  It  was  ascertained,  however,  that 
Walker's  line  was  north  of  latitude  36o  30'. 

The  Indian  title  to  the  land  west  of  the  Tennessee  Biver  being  extin- 
guished by  the  treaty  of  1819,  the  legislature  appointed  Robert  Alex- 
ander and  Luke  Munsell  to  ascertain  the  true  point  of  latitude  36^  30' 
on  the  Mississippi  Biver,  and  to  run  and  mark  a  line  east  on  that  par- 
allel, which  was  done  as  far  east  as  the  Tennessee  Biver.  (For  above^ 
see  Gen.  Stat.  Ky.,  1873,  p.  167.) 

In  1820  commissioners  were  appointed  by  Kentucky  and  Tennessee, 
respectively,  to  settle  the  boundary.  Their  report  was  ratified,  and  is  as 
follows,  viz : 

Art.  I.  The  lino  of  boandary  and  separation  between  the  States  of  Kentucky  and 
Tennessee  shall  be  as  foUows,  viz : 

The  line  mn  by  the  Virginia  commissioners  in  the  year  1779-'80,  commonly  caUed 
Walkei-'s  line,  as  the  same  is  repnted,  understood,  and  acted  upon  by  the  said  States, 
th(;ir  respective  officers  and  citizens,  from  the  southeastern  comer  of  Kentucky  to 
the  Tennessee  River;  thence  with  and  up  said  river  to  the  point  where  the  line  of 
Alexander  and  Mansell,  run  by  them  in  the  last  year  under  the  authority  of  an  act 
of  the  legislature  of  Kentucky  entitled  "An  act  to  run  the  boundary  line  between 
this  State  and  the  State  of  Tennessee,  west  of  the  Tenneesee  River,  approved  Feb. 
8,  1819,^'  would  cross  said  river,  and  thence  with  the  said  line  of  Alexander  and  Man- 
sell,  to  the  termination  thereof  on  the  Mississippi  River  below  New  Madrid. 

Then  follow  nine  other  articles. 

Article  III  provides  for  running  and  marking  the  line  at  any  subse- 
quent time.    (See  General  Stat.  Kentucky,  page  170.) 

In  1858-'59  commissioners  were  appointed  by  Kentucky  and  Tennes- 
see to  run  this  line. 

The  detailed  report  of  the  commission  on  the  part  of  Tennessee  can 
be  found  in  Statutes  of  Tennessee,  1871,  Vol.  I,  pages  223-243,  giving 
courses,  bearings,  milestones  erected,  and  a  map  of  the  boundary. 

The  report  of  this  commission  on  the  part  of  Kentucky  was  published 
at  Frankfort,  by  the  State  Printer,  1860,  in  a  pamphlet  of  98  octavo 
pages,  with  latitudes  and  a  map  of  the  line,  on  a  scale  of  1 :  108,000. 

(For  a  history  of  the  boundary  between  Virginia  and  Tennessee,  vide 
Virginia,  p.  97.) 
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KENTUCKY. 

Kentucky  was  included  in  the  original  liinita  of  Virginia,  and  was  a 
pari  of  the  county  of  Augusta.  Augusta  County  was  formed  in  1738. 
In  1760  Botetourt  County  was  created  from  a  portion  of  Augusta  County; 
in  1772,  Fincastle  from  Botetourt;  in  1776,  Kentucky  from  Fincastle. 

The  boundaries  of  all  these  counties  may  be  found  in  Hening's  Laws 
of  Virginia,  Vols.  I  to  IX. 

In  1789  Virginia  passed  an  act  giving  her  consent  that  the  county  of 
Kentucky,  within  her  jurisdiction,  should  be  formed  into  a  new  State. 
Accordingly,  June  1,  1792,  Kentucky  was  admitted  into  the  Union, 
with  substantially  her  present  boundaries. 

By  the  cession  of  1784,  by  Virginia  to  the  United  States,  of  the  terri- 
tory northwest  of  the  Ohio  River,  this  river  became  the  northwest 
boundary  of  the  State  of  Kentucky. 

The  western  boundary,  the  Mississippi,  was  fixed  by  the  treaty  of 
peace  in  1783. 

(For  a  history  of  the  boundary  between  Kentucky  and  Virginia  and 
West  Virginia,  t?tde  Virginia,  p.  96;  for  the  boundary  bet  ween  Kentucky 
and  Tennessee,  vide  Tennessee,  p.  115.) 

OHIO. 

Ohio  was  the  first  State  formed  from  the  original  territory  northwest 
of  the  river  Ohio.  It  was  admitted  as  a  State  on  November  29, 1802, 
with  limits  given  in  the  enabling  act  as  follows: 

Bounded  on  the  east  by  the  Pennsylvauia  line,  on  the  south  by  the  Ohio  Rircr,  to 
the  mouth  of  the  Great  Miami  River,  on  the  west  by  the  line  drawn  due  north  from 
the  mouth  of  the  Great  Miami  aforesaid,  and  on  the  north  by  an  east  and  west  line 
drawn  through  the  southerly  extreme  of  Lake  Michigan,  running  east  after  inter- 
secting  the  due-north  line  aforesaid,  from  the  mouth  of  the  Great  Miami  until  it  shall 
intersect  Lake  Erie  or  the  territorial  line;  and  thence  with  the  same  tbrou(;h  Lake 
Erie  to  the  Pennsylvania  line  aforesaid:  Provided,  That  Congress  shall  be  at  liberty 
at  any  time  hereafter  either  to  attach  all  the  territory  lying  east  of  the  line  to  be 
drawn  due  north  from  the  mouth  of  the  Miami  aforesaid  to  the  territorial  line,  and 
north  of  an  east  and  west  line  drawn  through  the  southerly  extreme  of  Lake  Michi- 
gan, running  east  as  aforesaid  to  Lake  Erie,  to  the  aforesaid  State,  or  dispos^^  of  it 
otherwise,  in  conformity  to  the  fifth  article  of  compact  between  the  original  States 
and  the  people  and  States  to  be  formed  in  the  territory  northwest  of  the  river  Ohio. 
(Seventh  Congress,  first  session.) 

In  the  constitution  of  Ohio  of  1802,  Article  VII,  the  boundaries  are 
defined  as  follows  : 

Bounded  on  the  east  by  the  Pennsylvania  line;  on  the  south  by  the  Ohio  River,  to 
the  mouth  of  the  Great  Miami  River;  on  the  west  by  the  line  drawn  due  north  from 
the  mouth  of  the  Great  Miami  aforesaid;  and  on  the  north  by  an  east  and  we«t  line 
drawn  through  the  southerly  extreme  of  Lake  Michigan,  running  east  after  inter- 
secting the  due-north  line  aforesaid  from  the  mouth  of  the  Great  Miami,  until  itshall 
intersect  Lake  Erie  or  the  territorial  line;  and  thence  with  the  same  through  Lake 
Erie  to  the  Pennsylvania  line  aforesaid;  provided  always,  and  it  is  hereby  fnUy  un- 
derstood and  declared  \jy  t.\i\a  cown'^hUow,  tUv\t  if  the  southerly  bend  or  extreme  of 
TaI^  Michigan  should  ©x\.eiid  so  t^^t  ^o\\\\i  \\\\v.\.  ^\voi^  Cyx^NSM^^^tyat  from  it  shoald 
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uot  iutorscct  Lake  Erie,  or  if  it  Hhould  interHoct  the  said  Lake  Erie  oast  of  the  moath 
of  the  Miami  Kiver  of  the  Lake,  then,  aud  in  that  case,  with  the  assent  of  the  Con- 
gress of  the  United  States,  the  northern  boundary  of  this  State  shall  be  established 
by,  and  extending  to,  a  direct  line  running  from  the  sontheru  extremity  of  Lakt; 
Michigan  to  the  most  northerly  cape  of  the  Miami  Bay,  after  intersecting  the  doe- 
north  line  from  the  mouth  of  the  Great  Miami  River  as  aforesaid ;  thence  northeast 
to  the  territorial  line,  and  by  the  said  territorial  line  to  the  Pennsylvania  line. 

In  accordance  with  the  provisions  in  the  enabling  act,  and  in  the  first 
constitution  of  the  State,  the  northern  boundary  of  the  State  was 
changed  so  that,  instead  of  ranning  on  a  parallel  drawn  from  the  south- 
ern extremity  of  Lake  Michigan,  it  followed  the  arc  of  a  great  circle 
drawn  from  the  southern  extremity  of  Lake  Michigan  to  the  most 
northern  cape  of  Maumee  ("Miami")  Bay. 

Following  are  the  texts  of  the  acts  providing  for  the  examination  of 
the  northern  boundary  and  making  the  change  in  the  boundary: 

AN  ACT  to  provide  for  the  takiog  of  certain  obserTations  pi*ei>aratory  tothe  adjastment  of  the  north. 

ern  boundary  line  of  the  State  of  Ohio. 

That  the  President  of  the  United  States  cause  to  be  ascertained,  by  accurate  obser- 
vation, the  latitude  and  longitude  of  the  southerly  extreme  of  Lake  Michigan;  and 
that  he  cause  to  be  ascertained,  by  like  observation,  the  point  on  the  Miami  of  the 
Lake  which  is  due  east  therefrom,  and  also  the  latitude  and  longitude  of  the  most 
northerly  cape  of  the  Miami  Bay ;  also,  that  he  cause  to  be  ascertained,  with  all  prac- 
ticable accuracy,  the  latitude  and  longitude  of  the  most  southerly  point  in  the  northern 
bonndary  line  of  the  United  States  in  Lake  Erie,  and  also  the  points  at  which  a  direct 
line  drawn  from  the  southerly  extreme  of  Lake  Michigan  to  the  most  southerly  point 
in  said  northern  bonndary  line  of  the  United  States  will  intersect  the  Miami  River 
and  Bay ;  and  also  that  he  cause  to  be  ascertained,  by  like  observation,  the  point  in 
the  Mississippi  which  is  due  west  from  the  southerly  extreme  of  Lake  Michigan ;  and 
that  the  said  observations  be  made  aud  the  result  thereof  returned  to  the  proper 
Department  within  the  current  year.     (Twenty-second  Congress,  first  session,  1832.) 

AN  ACT  to  establiBh  the  northern  bonndary  line  of  the  Stato  of  Ohio,  and  to  provide  for  the  admiB- 

sion  of  the  State  of  Michigan  into  the  Union. 

The  northern  bonndary  line  of  the  State  of  Ohio  shall  be  established  at  and  shall 
be  a  direct  line  drawn  from  the  southern  extremity  of  Lake  Michigan  to  the  most 
northerly  cape  of  the  Maumee  (Miami)  Bay  after  that  line,  so  drawn,  shall  intersect 
the  eaHteru  boundary  line  of  the  State  of  Indiana;  and  from  the  said  north  cape  of 
the  said  bay  northeast  to  the  bonndary  line  between  the  United  States  and  the  prov- 
ince of  Upper  Canada,  in  Lake  Erie,  and  thence,  with  the  said  last  mentioned  line, 
to  its  intersection  with  the  western  line  of  the  State  of  Pennsylvania.  (Twenty- 
fourth  Congress,  first  session,  1836.) 

The  northern  boundary  was  originally  surveyed  in  1817.  The  west- 
ern boundary  was  surveyed  in  the  same  year  from  old  Fort  liecovery 
to  the  northwestern  corner.  South  of  Fort  Recovery  this  boundary 
was  surveyed  as  the  first  principal  meridian  of  the  General  Land 
Office. 

INDIANA. 

By  the  act  passed  in  the  year  1800,  to  take  effect  on  and  after  the  4th 
day  of  July  of  that  year,  the  Territory  Northwest  of  the  River  Ohio  was 
divided  into  two  parts,  the  eastern  part  to  retain  the  old  name.^tk^ 
western  part  to  become  the  Territory  of  ludi^sisii. 
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Under  this  act  the  Territory  of  ludiaua  was  organized.  The  descrip- 
tion of  the  boundary  line  between  these  two  Territories  is  ^ven  in  the 
following  act  establishing  them : 

That  firom  and  after  the  fourth  day  of  Jalj  next  all  that  part  of  the  territory  of 
the  United  States  northwest  of  the  Ohio  River,  which  lies  to  the  westward  of  a  line 
beginning  at  the  Ohio,  opposite  to  the  month  of  Kentucky  River,  and  rnnning  thence 
to  Fort  Recovery,  and  thence  north  nntil  it  shall  intersect  the  territorial  line  between 
the  United  States  and  Canada,  shall,  for  the  pnrpose  of  temporary  government,  con- 
stitute a  separat-e  Territory,  and  be  called  Indiana  Territory. 

Sec.  5.  That  whenever  that  part  of  the  territory  of  the  United  States  which  lies  to 
the  eastward  of  a  line  beginning  at  the  mouth  of  the  Great  Miami  River,  and  running 
thence  due  north  to  the  territorial  line  between  the  United  States  and  Canada,  shall 
be  erected  into  an  independent  State,  and  admitted  into  the  Union  on  an  equal  foot- 
ing with  the  original  States,  thenceforth  said  lino  shall  become  and  remain  perma- 
nently the  boundary  line  between  such  State  and  the  Indiana  Territory,  anything  in 
this  act  contained  to  the  contrary  notwithstanding.     (Sixth  Congress,  first  session.) 

Ohio  was  admitted  in  1802.  Its  western  bonndary,  a  meridian  throngh 
the  mouth  of  the  Miami  River,  left  a  narrow  strip  of  country  between 
Ohio  and  the  Territory  of  Indiana,  which  was  by  a  clause  iu  the  enabling 
act  of  Ohio  added  to  Indiana  Territory.  The  following  is  the  clause  in 
question : 

Sec  3.  All  that  part  of  the  territory  of  the  United  States  northwest  of  the  river 
Ohio  heretoforo  included  iu  the  eastern  division  of  said  Territory,  and  not  incladed 
within  the  boundary  herein  prescribed  for  the  said  State,  is  hereby  attached  to  and 
made  a  part  of  the  Indiana  Territory. 

On  the  30th  of  June,  1805,  the  northern  portion  of  Indiana  Territory 
was  cut  off  and  organized  as  Michigan  Territory.  (For  the  divisional 
line  between  these,  see  Michigan,  p.  119.) 

On  March  1, 1809,  Indiana  Territory  was  divided,  and  the  western  por- 
tion of  it  organized  as  Illinois  Territory.  (For  a  description  of  the  divi- 
sional line  between  these  two  Territories,  see  Illinois,  p.  119.)  On  Decem- 
ber 11, 1816,  Indiana  was  admitted  as  a  State  with  the  limits  as  given 
in  the  following  extract  from  the  enabling  act,  which  have  not  since 
been  changed. 

AN  ACT  to  enable  the  people  of  the  Indiana  Territory  to  fonn  a  conatitntion  and  $tat«>  goA-emmcjit 
and  for  the  admission  ofHuch  State  into  the  Union  on  an  equal  footing  with  the  original  Stat««. 

The  said  State  shal]  consist  of  all  the  territory  included  within  the  following 
boundaries,  t-o  wit:  Bounded  on  the  east  by  the  meridian  line  which  forms  the  we«t- 
ern  boundary  of  the  State  of  Ohio;  on  the  south  by  the  river  Ohio  from  the  month 
of  the  Great  Miami  Kiver  to  the  mouth  of  the  River  Wabash;  on  the  west  by  aliuf 
drawn  along  the  middle  of  the  Wabash  from  its  mouth  to  a  ]»oint  where  a  due  north 
line  drawn  from  the  town  of  Vincennes  would  last  touch  the  northwestern  shore  of 
the  said  river;  and  from  thence  by  a  due  north  line,  until  the  same  shall  intersectan 
east  and  west  line  drawn  through  a  point  10  miles  north  of  the  southern  extreme  of 
Lake  Michigau;  on  tho  north  by  the  said  esist  and  west  line  until  the  same  shall  in- 
tersect the  first-mentioned  meridian  line  which  forms  the  western  boundary  of  the 
State  of  Ohio.     (Fourteenth  Congress,  lirst  session.) 

The  north  boundary  of  Indiana  was  surveyed  and  marked  in  1827,  and 
ita  west  boundary  by  a  ^oiwt  commission  of  the  two  States,  Indiana  and 
TUinois. 
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ILLINOIS. 

Illinois  Territory,  originally  part  of  the  Korthwest  Territory,  and  snb- 
seqaently  a  part  of  Indiana  Territory,  was  organized  on  March  1, 1809. 
The  following  clause  from  the  act  separating  it  from  Indiana  Territory 
defines  its  boundary: 

AN  ACT  for  dividtng  the  Indian*  Territory  into  two  sepftrmte  xoTemmente. 

From  and  after  the  fintt  day  of  Bfaroh  next,  aU  that  part  of  the  Indiana  Territory 
which  lies  weet  of  the  Wahash  River  and  a  direct  line  drawn  from  the  said  Wabash 
River  and  Post  Yincennes  due  north  to  the  territory  line  between  the  United  States 
and  Canada  shall,  for  the  purpose  of  temporary  government,  constitute  a  separate 
Territory  and  be  oalled  Illinois.    (Tenth  CongresSi  second  session.) 

On  December  3, 1818^  it  was  admitted  as  a  State,  with  its  present 
boundaries.    The  enabling  act  defines  these  boundaries  as  follows : 

AN  ACT  to  en*ble  the  people  of  the  Ulinoie  Territory  to  form  a  ooautltation  and  State  government, 
and  for  the  admiasion  of  anch  State  into  the  Union  on  an  eqnal  footing  with  the  original  Statea. 

The  said  State  shall  consist  of  all  the  territory  included  within  the  following 
boandariesy  to  wit:  Beginning  at  the  mouth  of  the  Wabash  River;  thence  up  the 
same  and  with  the  line  of  Indiana  to  the  northwest  comer  of  said  State;  thence  east 
with  the  line  of  the  same  State  to  the  middle  of  Lake  Michigan;  thence  north  along 
the  middle  of  said  lake  to  north  latitude  forty- two  degrees  thirty  minutes;  thence 
west  to  the  middle  of  the  Mississippi  Biver;  and  thence  down  along  the  middle  of 
that  river  to  its  confluence  with  the  Ohio  River;  and  thence  up  the  latter  river  along 
its  northwestern  shore  to  the  beginning.    (Fifteenth  Congress,  second  session.) 

The  northern  boundary  of  Illinois  was  run  and  marked  in  1832-33. 

MIOHIOAIV. 

Michigan  was  organized  as  a  Territory  June  30, 1805,  firom  the  north- 
ern part  of  Indiana  Territory. 

The  following  clause  firom  the  act  dividing  Indiana  Territory  defines 
its  limits: 

From  and  after  the  thirtieth  day  of  June  next  aU  that  part  of  the  Indiana  Territory 
which  lies  north  of  a  line  drawn  east  from  the  southerly  bend  or  extreme  of  Lake 
Michigan,  until  it  shall  intersect  Lake  Erie,  and  east  of  a  line  drawn  firom  the  said 
soatherly  bend  through  the  middle  of  said  lake  to  its  northern  extremis,  and  thence 
dne  north  to  the  northern  boundary  of  the  United  States,  shaU,  for  the  purpose  of 
temporary  govemraent,  constitute  a  separate  Territory,  and  be  caUed  Michigan. 
(Eighth  Congress,  second  session.) 

This  line  was  run  and  marked  in  1827. 

The  enabling  act  for  Illinois^  passed  in  1818,  contained  a  provision 
transferring  to  the  Territory  of  Michigan  the  portion  of  the  Territory  of 
Illinois  not  included  in  the  State  of  that  name.  The  following  is  the 
text  of  the  clause  referred  to: 

All  that  part  of  the  territory  of  the  United  States  lying  north  of  the  State  of  Indi- 
ana, and  which  was  included  in  the  former  Indiana  Territory,  together  with  that  part 
of  the  lUinois  Territory  which  is  situated  north  of  and  not  included  within  the  bound- 
aries prescribed  by  this  act,  to  the  State  thereby  authorized  to  be  formed,  shaU  be, 
and  hereby  is,  attached  to  and  made  a  part  of  the  Michigan  Territot^^tsnnLVbJ^^atet 
the  formation  of  the  said  State. 
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In  1834  an  act  was  passed  extending  the  limits  of  the  Territoiy  of 
Michigan  to  the  Missouri  Biver. 
The  clause  of  this  act  relating  to  area  is  as  follows: 

AK  ACT  to  AttMh  tbe  territory  of  the  United  8t»tee  weet  of  the  MiaaiMippl  Siror  mod  nortb  of  tkt 

State  of  Missouri  to  the  Territory  of  Michigan. 

AU  that  part  of  the  territory  of  the  United  States  bounded  on  the  east  hj  the  Mit- 
BisBippi  River,  on  the  south  by  the  State  of  Miseoori  and  a  line  drawn  diie  west  fron 
the  northwest  comer  of  said  State  to  the  Missonri  River;  on  the  soathweet  and  west 
by  the  Missouri  River  and  the  White  Earth  River,  flailing  into  the  same;  and  on  tlie 
north  by  the  northern  boundary  of  the  United  States,  shall  be,  and  hereby  is,  for  the 
purpose  of  temporary  government,  attached  to  and  made  a  part  of  the  Territory  of 
Michigan. 

In  1836  Wisconsin  Territory  was  formed  fh>m  that  part  of  Michigan 
Territory  lying  west  of  the  present  limits  of  the  State  of  that  naoMi 
{Vide  Wisconsin,  p.  121.) 

The  boundary  line  between  Michigan  and  Wisconsin,  between  the 
sources  of  Brule  and  Montreal  rivers,  was  run  and  marked  in  1847. 

Reduced  to  its  present  limits,  as  described  in  the  following  clause  from 
its  enabling  act,  Michigan  was  admitted  to  the  Union  January  26, 1837: 

AN  ACT  to  provide  for  the  admiaeion  of  the  Sute  of  Michigan  into  the  Union. 

Beginning  at  the  i>oint  where  the  above-described  northern  boundary  of  the  Stite 
of  Ohio  intersects  the  eastern  boandary  of  the  State  of  Indiana,  and  ranning  thenee 
with  the  said  boundary  line  of  Ohio,  as  described  in  the  first  section  of  this  act^  ontil 
it  intersects  the  boandary  line  between  the  United  States  and  Canada  in  Lake  Erie; 
thence  with  the  said  boundary  line  between  the  United  States  and  Canada,  throagh 
the  Detroit  River,  Lake  Huron,  and  Lake  Superior,  to  a  point  where  the  said  line  last 
touches  Lake  Superior;  thence  in  a  direct  line  through  Lake  Superior  to  the  month 
of  the  Montreal  River;  thence  through  the  middle  of  the  main  channel  of  the  said 
riy«r  Montreal  to  the  middle  of  the  Lake  of  the  Desert ;  thence  in  a  diriebt  line  to  the 
neaftst  headwater  of  the  Menomonee  River;  thence  through  the  middle  of  that  fork 
of  the  said  river  first  touched  by  the  said  line  to  the  main  channel  of  the  said  Me- 
nomonee River ;  thence  down  the  center  of  the  main  channel  of  the  same  to  the  center 
of  the  most  usual  ship  channel  of  the  Green  Bay  of  Lake  Michigan ;  thence  throagh 
the  center  of  the  moHt  usual  ship  channel  of  the  said  bay  to  the  middle  of  Lake  Mich- 
igan; thence  through  the  middle  of  Lake  Michigan  to  the  northern  boundary  of  the 
State  of  Indiana,  as  that  line  was  established  by  the  act  of  Congress  of  the  nineteenth 
of  April,  eighteeu  hundred  and  sixteen ;  thence  due  east  with  the  north  boundary 
line  of  the  said  State  of  Indiana  to  the  northeast  comer  thereof;  and  thence  soath 
with  the  east  boundary  line  of  Indiana  to  the  place  of  beginning.  (Twenty-fourth 
Congress,  first  session. ) 

The  above  boundaries  remain  unchanged. 

WISCONSIN. 

Wisconsin  was  organized  as  a  Territory  July  3, 1836.  As  originally 
constituted  its  area  comprised  all  that  part  of  the  former  Territory  of 
Michigan  which  lay  outside  of  the  present  limits  of  the  State  of  Michi- 
gan.   The  limits  are  defined  in  the  act  for  its  organization  as  follows: 

Bounded  on  the  east  by  a  line  drawn  from  the  northeast  comer  of  the  State  of  Illi- 
nois, through  the  middle  of  Lake  Michigan,  to  a  point  in  the  middle  of  said  lake  and 
opposite  the  main  chaimal  oi  Qtieeu  ^«l^  ^  \wii^  t\itow^h  naid  channel  and  Green  Bay  to 
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the  mouth  of  the  Menomonee;  thence  through  the  middle  of  the  main  channel  of  aaid 
river  to  that  head  of  said  river  nearest  to  the  Lake  of  the  Desert ;  thence  in  a  direct 
line  to  the  middle  of  said  lake ;  thence  through  the  middle  of  the  main  channel  of  the 
Montreal  River  to  its  month ;  thence  with  a  direct  line  across  Lake  Superior  to  where 
the  territorial  line  of  the  United  States  last  touches  said  lake  northwest;  thence  on 
the  north  with  the  said  territorial  line  to  the  White  Earth  River,  on  the  west  hy  a  line 
from  the  said  boundary  line  following  down  the  middle  of  the  main  channel  of  White 
Earth  River  to  the  Missouri  River,  and  down  the  middle  of  the  main  channel  of  the 
Missouri  River  to  a  point  due  west  from  the  northwest  comer  of  the  State  of  Missoari, 
and  on  the  south  from  said  point  due  east  to  the  northwest  comer  of  the  State  of 
Missouri;  and  thence  with  the  boundaries  of  the  States  of  Missouri  and  Illinois  as 
already  fixed  by  acts  of  Congress.     (Twenty-fourth  Congress,  first  session.) 

In  1838  all  that  part  of  the  territory  lying  west  of  the  Mississippi  and 
a  line  drawn  due  north  from  its  source  to  the  international  boundary — 
that  is,  all  that  part  which  was  originally  comprised  in  the  Louisiana 
purchase — was  organized  as  the  Territory  of  Iowa.    (See  Iowa,  p.  123.) 

On  August  9, 1846,  an  enabling  act  for  Wisconsin  was  passed  giving 
the  boundaries  as  follows: 

Beginning  at  the  northeast  comer  of  the  State  of  Illinois,  that  is  to  say,  at  a  point 
in  the  center  of  Lake  Michigan  where  the  line  of  forty -two  degrees  and  thirty  minutes 
of  north  latitude  crosses  the  same;  thence  running  with  the  boundary  line  of  the 
State  of  Michigan,  through  Lake  Michigan,  Green  Bay,  to  the  mouth  of  the  Menomo- 
nee River;  thence  up  the  channel  of  said  river  to  the  Brule  River;  thence  up  said 
last-mentioned  river  to  Lake  Bmle ;  thence  along  the  southern  shore  of  Lake  Bmle  in 
a  direct  line  to  the  center  of  the  channel  between  Middle  and  South  islands  in  the 
Lake  of  the  Desert;  thence  in  a  direct  line  to  the  headwaters  of  Montreal  River,  as 
naarked  upon  the  survey  made  by  Captain  Cramm ;  thence  down  the  main  channel  of 
the  Montreal  River  to  the  middle  of  Lake  Superior ;  thenco  through  the  center  of  Lake 
Superior  to  the  mouth  of  the  Saint  Louis  River;  thence  up  the  main  channel  of  said 
river  to  the  first  rapids  in  the  same,  above  the  Indian  village,  according  to  Nicollet's 
map ;  thence  due  south  to  the  main  branch  of  the  river  Saint  Croix ;  thence  down  the 
middle  of  the  main  channel  of  said  river  to  the  Mississippi ;  thence  down  the  center 
of  the  main  channel  of  that  river  t.o  the  northwest  comer  of  the  State  of  Illinois; 
thence  due  east  with  the  northern  boundary  of  the  State  of  Illinois  to  the  place  of 
beginning.     (Twenty-ninth  Congress,  first  session.) 

On  March  3, 1847,  a  supplementary  act  for  the  admission  of  Wiscon- 
sin was  passed  by  Congress,  in  which  the  western  boundary  of  the 
proposed  State  was  changed  as  follows: 

That  the  assent  of  Congress  is  hereby  giv6n  to  the  change  of  boundary  proposed  in 
the  first  article  of  said  constitution,  to  wit :  Leaving  the  boundary  line  prescribed  in 
the  act  of  Congress  entitled  ''An  act  to  enable  the  people  of  Wisconsin  Territory  to 
form  a  constitution  and  State  government,  and  for  the  admission  of  such  State  into 
the  Union,'^  at  the  first  rapids  in  the  river  St.  Louis;  thence  in  a  direct  line  south- 
wardly to  a  point  fifteen  miles  east  of  the  most  easterly  point  of  Lake  St.  Croix; 
thence  due  south  to  the  main  channel  of  the  Mississippi  River  or  Lake  Pepin ;  thence 
down  the  said  main  channel,  as  prescribed  in  said  act.  (Twenty-ninth  Congress,  sec- 
ond section.) 

On  May  29, 1848,  Wisconsin  was  admitted  into  the  Union. 

The  boundary  between  this  State  and  Minnesota  from  St.  Louis  to 
St.  Croix  River  was  surveyed  and  marked  in  1852,  under  the  General 
Land  Office. 
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MISSOURI. 

The  name  of  the  Territory  of  Leuisiana  was  changed  in  1812  to  Mis- 
soari,  by  act  of  Congress.  At  that  time  the  Territory  comprised  all 
of  the  original  Louisiana  porchase,  excepting  the  State  of  Loaisiana, 
which  had  been  formed  trom  it.  The  Territory  of  Arkansas,  with  limits 
very  similar  to  those  of  the  present  State,  was  formed  from  it  in  1819. 
On  August  10, 1821,  the  State  of  Missouri  was  formed  and  iidmitted,  with 
limits,  excepting  as  to  the  northwest  corner,  the  same  as  at  present. 

Boundaries  are  defined  as  follows: 

Beginning  in  the  middle  of  the  Mississippi  River,  on  the  parallel  of  thJrty-siK 
degrees  of  north  latitude ;  thence  west  along  that  parallel  of  latitude  to  the  Saint 
Francois  River;  thence  np  and  following  the  course  of  that  river,  in  the  middle  of 
the  main  channel  thereof,  to  the  parallel  of  latitude  of  thirty -six  degrees  and  thirtj 
minutes;  thence  west  along  the  same  to  a  point  where  the  said  parallel  is  intersected 
by  a  meridian  line  passing  through  the  middle  of  the  mouth  of  the  Kansas  River 
where  the  same  empties  into  the  Missouri  River;  thence  from  the  point  aforesaid 
north  along  the  said  meridian  line  to  the  intersectiou  of  the  parallel  of  latitude 
which  passes  through  the  rapids  of  the  river  Des  Moines,  making  the  said  line  to 
correspond  with  the  Indian  boundary  line;  thence  east  from  the  point  of  intersec- 
tion last  aforesaid  along  the  said  parallel  of  latitude  to  the  middle  of  the  channel  of 
the  main  fork  of  the  said  river  Dus  Moines;  thence  down  and  along  the  middle 
of  the  main  channel  of  the  said  river  Des  Moines  to  the  mouth  of  the  same  where  it 
empties  into  the  Mississippi  River ;  thence  due  east  to  the  middle  of  the  main  chan- 
nel of  the  Mississippi  River;  thence  down  and  following  the  course  of  the  Miseii- 
sippi  River,  in  the  middle  of  the  main  channel  thereof,  to  the  place  of  beginning. 
(Sixteenth  Congress,  first  session.) 

In  1836  the  boundaries  were  extended  on  the  northwest  to  the  Mis- 
souri River,  as  described  in  the  following  act  of  the  legislature  amend- 
atory to  the  constitution  of  1820 : 

That  the  boundary  of  the  State  bo  80  altered  and  extended  as  to  include  all  tlisi 
tract  of  land  lying  on  the  north  side  of  the  Missouri  River  and  west  of  the  present 
boundary  of  this  State,  so  that  the  same  shall  be  bounded  on  the  south  by  the  middle 
of  the  main  channel  of  the  Missouri  River  and  on  the  north  by  the  present  northern 
boundary  line  of  the  State,  <is  established  by  the  constitution,  when  the  same  is  con- 
tinned  in  aright  line  to  the  west,  or  to  include  so  much  of  said  tract  of  land  as  Con- 
gress may  assent. 

This  was  ratified  by  Congress  in  the  following  act: 

AN  ACT  to  extend  thb  weHtern  boundary  of  the  Statt>  of  Missouri  to  the  MisAonri  River. 

That  when  the  Indian  title  to  all  the  lands  lying  between  the  State  of  Missouri  and 
the  Missouri  River  shall  bo  oxtinguished,  the  jurisdiction  over  said  lands  shall  be 
hereby  ceded  to  the  State  of  Missouri,  <ind  the  western  boundary  of  said  State  shall 
be  then  extended  to  the  Missouri  River.     (Twenty- fourth  Congress,  tirst  session.) 

The  north  boundary  of  Missouri  was  surveyed  and  marked  in  i)art 
in  1816,  aud  the  remainder  in  1850,  under  the  General  Land  Office. 

The  western  boundary  was  run  and  marked,  from  the  mouth  of 
Kansas  River  to  the  southwestern  corner  of  the  State,  in  1823. 

The  territory  remaining  after  the  formation  of  the  State  bore  the 
name  of  Missouri  for  many  years  thereafter.    Meanwhile,  however,  it 
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wafi  reduced  by  the  formation  of  several  Territories  which  were  carved 
from  its  area.  In  1834  the  part  north  of  the  State  of  Missoari  and  east 
of  Missoari  and  White  Earth  rivers  was  annexed  to  the  Territory  of 
Michigan.  (For  farther  history  of  this  portion,  vide  Michigan,  p.  119; 
Iowa,  below;  Minnesota,  p.  124;  and  Dakota,  p.  127.)  In  1854  Kansas 
and  Nebraska  Territories  were  formed,  absorbing  the  remainder.  ( Vide 
Kansas,  p.  125,  and  Nebraska,  p.  126.) 

The  following  are  the  boundaries  of  Missouri  as  at  present  established : 
The  east  boundary  is  the  mid-channel  of  the  Mississippi  Eiver  from  the 
mouth  of  the  Des  Moines  to  its  point  of  intersection  with  the  thirty- 
sixth  parallel  of  latitude;  the  south  boundary  begins  at  the  latter  point 
and  runs  west  on  the  parallel  of  36  degrees  of  latitude  to  the  Saint 
Francis  Eiver,  thence  up  the  mid-channel  of  that  river  to  the  parallel 
of  latitude  39^  30',  thence  west  on  that  parallel  to  its  intersection  by  a 
meridian  passing  through  the  middle  of  the  mouth  of  the  Kansas  River; 
the  west  boundary  is  the  last-mentioned  meridian  as  far  north  as  the 
mouth  of  the  Kansas  Biver,  thence  it  follows  northwestward  the  mid- 
channel  of  the  Missouri  Biver  to  the  parallel  of  latitude  passing  through 
the  rapids  of  Des  Moines  Biver,  which  is  approximately  the  parallel  of 
40^  35';  the  north  boundary  is  the  last-mentioned  parallel  as  far  east 
as  its  point  of  intersection  with  the  Des  Moines  Biver,  whence  it  follows 
the  mid-channel  of  the  Des  Moines  Biver  southward  to  its  mouth. 

IOWA. 

Iowa  was  organized  as  a  Territory  on  July  3, 1838,  being  formed  from 
a  portion  of  Wisconsin  Territory.  The  limits  were  defined  as  follows 
in  the  act  creating  it: 

All  that  part  of  the  present  Territory  of  Wisconsin  which  lies  west  of  the  Mississippi 
River  and  west  of  the  line  drawn  dne  north  from  the  headwaters  or  sources  of  the 
Mississippi  to  the  Territorial  line.  (Twenty-fifth  Congress,  second  session.  See  Wis- 
consin, p.  115.) 

The  following  clause  from  an  act  passed  in  1839  is  supplementary  to 
the  above  act: 

AK  ACT  to  define  and  eetablisb  the  eMitom  booiidary  line  of  the  Territory  of  Iowa. 

That  the  middle  or  centre  of  the  main  channel  of  the  river  Mississippi  shall  he 
deemed,  and  is  hereby  declared,  to  he  the  eastern  boundary  line  of  the  Territory  of 
Iowa,  so  far  or  to  snch  extent  as  the  said  Territory  is  honnded  eastwardly  by  or  upon 
said  river.     (Twenty-fifth  Congress,  third  seasion.) 

Iowa  was  admitted  to  the  Union  on  March  3, 1845.  As  originally 
constituted  the  limits  of  the  State  were  quite  different  from  those  which 
it  has  at  present. 

The  following  extract  from  the  enabling  act  gives  the  originallimits: 

That  the  foUowing  shall  he  the  boundaries  of  the  said  State  of  Iowa,  to  wit: 
Beginning  at  the  mouth  of  the  Des  Moines  River  at  the  middle  of  the  Mississippi ; 
thence  hy  the  middle  of  the  channel  of  that  river  to  a  parallel  of  latitude  passing 
through  the  mouth  of  the  Mankato,  or  Blue  Earth  River;  thence  >^rvAt^  i»\A\i^^C&Kk 
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Baid  parallel  of  latitade  to  a  point  where  it  is  inteneoted  by  a  meridiui  line,  m 
teen  degrees  and  thirty  minutee  west  of  the  meridian  of  Washington  City ;  tli 
dne  sonth  to  the  northern  boundary  line  of  the  State  of  Missoari ;  thenoe  eastwa 
following  that  boundary  to  the  point  at  which  the  same  intersects  the  Des  Mt 
River;  thenoe  by  the  middle  of  the  channel  of  that  river  to  the  plaoe  of  begini 
(Twenty-eighth  Congress,  second  session.) 

On  December  28, 1846,  an  act  was  passed  changing  the  boanda 
of  the  State  and  giving  it  its  present  limits. 

The  following  extract  from  the  act  defines  the  boaudariea  as  at  ]] 
ent  constituted : 

Beginning  in  the  middle  of  the  main  channel  of  the  Mississippi  River,  at  a  | 
dne  east  of  the  middle  of  the  month  of  the  main  channel  of  the  Des  Moines  Bi 
thenoe  np  the  middle  of  the  main  channel  of  the  said  Des  Moines  River  to  a  p 
on  said  river  where  the  northern  boundary  line  of  the  State  of  Missoari,  as  ei 
lished  by  the  constitution  of  that  State,  adopted  June  twelfth,  eighteen  han< 
and  twenty,  crosses  the  said  middle  of  the  main  channel  of  the  said  Des  Mo 
River;  thence  westwardly  along  the  said  ■orihem  bonndwry  line  of  the  State  of 
sonri,  as  established  at  the  time  aforesaid,  nntil  an  extension  of  said  line  intei 
the  middle  of  the  main  channel  of  the  Missonri  River,  to  a  point  opposite  the  mi 
of  the  main  channel  of  the  Big  Sioux  River,  according  to  Nicollet's  map ;  theno 
the  main  channel  of  the  said  Big  Sioux  River,  aeoording  to  said  map,  until 
intersected  by  the  parallel  of  forty-three  degrees  and  thirty  minutes  north  latit 
thence  oast  along  said  paraUel  of  forty-three  degrees  and  thirty  minutee,  until 
paraUel  intersect  the  middle  of  the  main  channel  of  the  Mississippi  River;  th 
down  the  middle  of  the  main  channel  of  said  Mississippi  Biver  to  the  plac 
beginning. 

Its  northern  boundary  was  surveyed  and  marked  in  1852,. under 
General  Laud  Office. 

MINNESOTA. 

The  Territory  of  Minnesota  was  organized  on  March  3,  1849,  i 
originally  comprised  the  portion  of  the  former  Territory  of  Iowa,  < 
side  of  the  limits  of  the  present  State  of  Iowa,  extending  east  to 
west  boundary  line  of  Wisconsin.    The  terms  of  the  act  creating  i 
Territory,  so  far  as  they  relate  to  its  boundary,  are  as  follows : 

All  that  part  of  the  territory  of  the  Unit-ed  States  which  lies  within  the  follow 
limits,  to  wit:  Beginning  in  the  Mississippi  River,  at  the  point  where  thelin 
forty-three  degrees  and  thirty  minutes  of  north  latitude  crosses  the  same;  tht 
mnniug  due  west  on  said  line,  which  is  the  northern  boundary  of  the  State  of  Ic 
to  the  northwest  comer  of  the  said  State  of  Iowa;  thence  southerly  along  the  w 
em  boundary  of  said  State  to  the  point  where  said  boundary  strikes  the  Mis» 
River ;  thence  up  the  middle  of  the  main  channel  of  the  Missouri  River  to  the  mo 
of  the  White  Earth  River;  thence  up  the  middle  of  the  main  channel  of  the  W! 
Earth  River  to  the  boundary  line  between  the  possessions  of  the  Unite<l  States 
Great  Britain  to  Lake  Superior ;  thence  along  the  western  boundary  line  of  said  Si 
of  Wisconsin  to  the  Mississippi  River;  thence  down  the  main  channel  of  said  rive 
the  place  of  beginning.     (Thirtieth  Congress,  second  session.) 

Minnesota  was  admitted  as  a  State  on  May  11, 1858,  with  the  S8 
boundaries  which  it  has  at  present.  These  are  given  iu  the  enabl 
act  as  follows : 

Beginning  at  the  point  in  the  center  of  the  main  channel  of  the  Red  River  of 
North  where  the  boundary  \\ue\>el^^ii  WveX^wW^^'^AAi^AA  and  the  British  Possess 
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crosses  the  same ;  thenoe  up  the  main  channel  of  said  river  to  that  of  the  Bois  des 
Sioax  River;  thence  up  the  main  channel  of  said  river  to  Lake  Traverse ;  thence  np 
the  center  of  said  lake  to  the  southern  extremity  thereof;  thence  in  a  direct  line  to 
the  head  of  Big  Stone  Lake ;  thence  through  its  center  to  its  outlet;  thence  hy  a  due 
south  line  to  the  north  line  of  the  State  of  Iowa;  thence  east  along  the  northern 
boundary  of  said  State  to  the  main  channel  of  the  Mississippi  River ;  thence  up  the 
main  channel  of  said  river,  and  following  the  boundary  line  of  the  State  of  Wiscon- 
sin until  the  same  intersects  the  Saint  Louis  River;  thence  down  said  river  to  and 
through  Lake  Superior,  on  the  boundary  line  of  Wisconsin  and  Michigan,  until  it 
intersects  the  dividing  line  between  the  United  States  and  the  British  Possessions; 
thence  up  Pigeon  River,  and  following  said  dividing  line,  to  the  place  of  beginning. 

The  western  boundary  line,  from  Big  Sioux  Biver  to  Minnesota  Biver, 
was  surveyed  and  marked  in  1859-60,  under  the  General  Land  Office. 

KANSAS. 

The  Territory  of  Kansas  was  organized  on  May  30, 1854,  from  a  part 
of  Missouri  Territory.  The  following  clause  from  the  act  of  organiza- 
tion defines  its  limits : 

Section  19.  All  that  part  of  the  territory  of  the  United  States  included  within  the 
following  limits,  except  such  portions  thereof  as  are  hereinafter  expressly  exempted 
from  the  operations  of  this  act,  to  wit :  Beginning  at  a  point  on  the  western  boundary 
of  the  State  of  Missouri,  where  the  thirty-seventh  parallel  of  north  latitude  crosses 
the  same ;  thence  west  on  said  parallel  to  the  eastern  boundary  of  New  Mexico ;  thence 
north  ou  said  boundary  to  latitude  thirty-eight ;  thence  following  said  boundary 
westward  to  the  east  boundary  of  the  Territory  of  Utah,  on  the  summit  of  the  Rocky 
Mountains ;  thence  northward  on  said  summit  to  the  fortieth  parallel  of  latitude ; 
thence  east  on  said  parallel  to  the  western  boundary  of  the  State  of  Missouri ;  thence 
south  with  the  western  boundary  of  said  State  to  the  place  of  beginning,  be,  and  the 
same  is  hereby,  created  into  a  temporary  government  by  the  name  of  the  Territory 
of  Kansas. 

A  portion  of  this  Territory  was  given  up  to  Colorado  at  the  time  of 
its  formation  in  1861.     ( Vide  Colorado,  p.  130.) 

Kansas  was  admitted  into  the  Union  on  January  29,  1861,  with  its 
present  boundaries,  which  are  thus  defined  in  the  enabling  act: 

The  said  State  shall  consist  of  all  the  territory  included  within  the  following 
boundaries,  to  wit:  Beginning  at  a  point  on  the  western  boundary  of  the  State  of 
Missouri  where  the  thirty-seventh  parallel  of  north  latitude  crosses  the  same;  thence 
west  on  said  parallel  to  the  twenty-fifth  meridian  of  longitude  west  from  Washing- 
ton; theuce  north  on  said  meridian  to  the  fortieth  parallel  of  latitude;  thence  east 
on  said  parallel  to  the  western  boundary  of  the  State  of  Missouri;  thence  south  with 
the  western  boundary  of  said  State  to  the  place  of  beginning. 

The  south  boundary  was  surveyed  and  marked  by  Col.  J.  E.  Johnston, 
in  1857.  This  line  was  subsequently  retraced  and  remarked  by  deputy 
surveyors,  in  the  extension  of  the  public  land  surveys.  The  western 
boundary  was  surveyed  in  1872,  under  the  General  Land  Office. 

The  north  boundary,  which  is  the  base  line  for  the  sixth  principal 
metidian,  was  run  by  deputy  surveyors  of  the  General  Land  Office, 
1855-59,  the  initial  point,  on  the  Missouri  river,  having  been  determined 
by  Capt.  Lee,  U.  8.  topographical  engineer. 
BuU.  171 ^10 
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NEBRASKA. 

The  Territory  of  Nebraska  was  formed  ou  May  ^^  1854^  from  the 
northwestern  part  of  Missouri  Territory.  Its  limits,  as  origiDally 
oonstitated,  are  defined  as  follows  in  the  act  of  organization : 

Beginning  at  a  point  in  the  Missouri  River  where  the  fortieth  parallel  of  north 
latitude  crosses  the  same;  thence  west  on  said  parallel  to  the  east  boundary  of  the 
Territory  of  Utah,  on  the  summit  of  the  Rocky  Mountains;  thence  on  said  sommit 
northward  to  the  forty- ninth  parallel  of  north  latitude;  theuce  east  on  said  parallel 
to  the  western  boundary  of  the  Territory  of  Minnesota;  thence  southward  on  said 
boundary  to  the  Missouri  River;  thence  down  the  main  channel  of  said  river  to  the 
place  of  beginning,  be,  and  the  same  is  hereby,  created  into  a  temporary  government 
by  the  name  of  the  Territory  of  Nebraska.    (Thirty-third  Congress,  first  seesion.) 

This  area  was  reduced  in  1861  by  the  formation  of  the  Territories  of 
Colorado  and  Dakota.    ( Vide  Colorado,  p.  130,  and  Dakota,  p.  127.) 
The  State  of  Nebraska  was  admitted  on  March  1, 1867. 
Its  limits  are  defined  as  follows  in  the  enabling  act: 

That  the  said  State  of  Nebraska  shall  consist  of  all  the  territory  included  within 
the  following  boundaries,  to  wit :  Commencing  at  a  point  formed  by  the  intersection 
of  the  western  boundary  of  the  State  of  Missouri  with  the  fortieth  degree  of  north 
latitude ;  extending  thence  due  west  along  said  fortieth  degree  of  north  latitude  to 
a  point  formed  by  its  intersection  with  the  twenty-fifth  degree  of  longitnde  west 
from  Washington;  thence  north  along  said  twenty -fifth  degree  of  longitnde  to  a 
point  formed  by  its  intersection  with  the  forty-first  degree  of  north  latitude ;  thence 
west  along  said  forty-first  degree  of  north  latitude  to  a  point  formed  by  its  intersec- 
tion with  the  twenty-seventh  degree  of  longitude  west  from  Washington ;  thenoe 
north  along  said  twenty-seventh  degree  of  west  longitnde  to  a  point  formed  by 
its  intersection  with  the  forty-third  degree  of  north  latitude;  thence  east  along 
said  forty-third  degree  of  north  latitude  to  the  Keyapaha  River ;  thence  down  the 
middle  of  the  channel  of  said  river,  with  its  meanderingS;  to  its  junction  with  the 
Niobrara  River;  theuce  down  the  middle  of  the  channel  of  said  Niobrara  River,  sod 
following  the  meanderings  thereof,  to  its  Junction  with  the  Missouri  River;  thence 
down  the  middle  of  the  channel  of  said  Missouri  River,  and  following  the  meander- 
ings thereof,  to  the  place  of  beginning.     (Thirty-eighth  Congress,  first  seasiou.) 

In  1870  an  act  was  passed  to  redefine  a  portion  of  the  boaudary 
between  Nebraska  and  the  Territory  of  Dakota,  the  pertinent  portion 
of  which  is  as  follows: 

That  so  soon  as  the  State  of  Nebraska,  through  her  legislature,  has  given  her 
consent  thereto^  the  center  of  the  main  channel  of  the  Missouri  River  shall  be  the 
boundary  line  between  the  State  of  Nebraska  and  Territory  of  Dakota,  between  the 
following  points,  to  wit:  Commencing  at  a  point  in  the  center  of  said  main  channel, 
north  of  the  west  line  of  section  twenty-four  in  township  twenty -nine  north,  of 
range  eight  east  of  the  sixth  principal  meridian,  and  running  along  the  same  to  a 
point  west  of  the  most  northerly  portion  of  fractional  section  seventeen,  of  township 
twenty -nine  north,  of  range  nine  east  of  said  meridian,  in  the  State  of  Nebraska,  sa 
meandered  and  shown  by  the  plats  and  surveys  of  said  sections  originally  made  and 
now  on  file  in  the  General  Land  Office.     (Forty-first  Congress,  second  session.) 

The  west  boundary  on  the  twenty-fifth  degree  of  longitude  west  of 
Washington,  between  latitudes  40^  and  41°,  the  south  boundary  on 
the  forty-first  parallel  from  the  twenty-fifth  degree  of  longitude  to  the 
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twenty-seventh  degree,  and  the  west  boaudary  on  the  twenty-seventh 
degree  of  longitade,  between  the  forty-first  degree  and  the  forty-third 
degree,  were  surveyed  and  marked  in  1869,  under  the  G-eneral  Land 
Office. 

In  1882  an  act  was  passed  transferring  to  this  State  from  Dakota  a 
small  area  lying  between  the  Keyapaha  Eiver  and  the  forty-third  par- 
allel of  latitude.    The  following  is  the  act  in  question : 

Be  it  enacted,  *  *  •  That  the  northern  boundary  of  the  State  of  Nebraska  shall 
be,  and  hereby  is,  subject  to  the  proyisions  hereinafter  contained|  extended  so  as  to 
include  all  that  portion  of  the  Territory  of  Dakota  lying  south  of  the  forty-third 
parallel  of  north  latitude  and  east  of  the  Keyapaha  River  and  west  of  the  main 
channel  of  the  Missouri  River.     (Forty-seventh  Cong^ress,  first  session.) 

The  north  boundary,  from  the  Keyapaha  Eiver  westward,  was  sur- 
veyed in  1873.  In  1893  the  part  of  this  boundary  east  of  Keyapaha 
Eiver  was  surveyed  and  the  remainder  resurveyed.  All  this  was  done 
under  the  General  Land  Office. 

NORTH  DAKOTA  AND  SOUTH  DAKOTA. 

The  Territory  of  Dakota  was  organized  on  March  2, 1861,  from  parts 
of  Minnesota  and  Nebraska  Territories.  The  following  from  the  act  of 
organization  defines  its  original  limits: 

All  that  part  of  the  territory  of  the  United  States  inolnded  within  the  foUowing 
limits,  namely:  Commencing  at  a  point  in  the  main  channel  of  the  Red  River  of  the 
North  where  the  forty-ninth  degree  of  north  latitude  crosses  the  same ;  thenoe  up 
the  main  channel  of  the  same  and  along  the  boundary  of  the  State  of  Minnesota  to 
Big  $tone  Lake ;  thence  along  the  boundary  line  of  the  said  State  of  Minnesota  to 
the  Iowa  line ;  thence  along  the  boundary  line  of  the  State  of  Iowa  to  the  point  of 
intersection  between  the  Big  Sioux  and  Missouri  rivers;  thence  up  the  Missouri 
River  and  along  the  boundary  line  of  the  Territory  of  Nebraska  to  the  mouth  of  the 
Niobrara  c»r  Running  Water  River;  thence  following  up  the  same,  in  the  middle  of 
the  main  channel  thereof,  to  the  mouth  of  the  Keyapaha  or  Turtle  HiU  River;  thence 
np  said  river  to  the  forty>third  parallel  of  north  latitude;  thence  due  west  to  the 
present  boundary  of  the  Territory  of  Washington ;  thence  along  the  boundary  line 
of  Washington  Territory  to  the  forty-ninth  degree  of  north  latitude ;  thence  east 
along  said  forty-ninth  degree  of  north  latitude  to  the  place  of  beginning,  be,  and  the 
same  is  hereby,  organized  into  a  temporary  government  by  the  name  of  the  Territory 
of  Dakota.     (Thirty-sixth  Congress,  second  session.) 

In  18G3  the  Territory  of  Idaho  was  formed,  its  area  having  been 
taken  from  Washingtou,  Dakota,  and  Nebraska.  ( Vide  Idaho,  p.  134.) 
In  1882  a  small  area  was  transferred  to  Nebraska.  ( Vide  Nebraska, 
above.) 

In  1877  that  part  of  the  west  boundary  between  latitudes  43^  and 
45^  was  surveyed  and  marked,  under  the  General  Land  Office. 

On  November  2,  1889,  the  Territory  of  Dakota  was  divided  into 
North  and  South  Dakot>a,  and  each  was  admitted  as  a  State.  The  fol- 
lowing extract  from  the  enabling  act  defines  the  boundary  between 
these  States: 

The  area  comprising  the  Territory  of  Dakota  shall  '^  "  "  be  divided  on  the 
line  of  the  seventh  standard  parallel  prodaced  dne  west  to  the  weatem.  \MSQaA3Kr| 
of  said  Territory. 


lir 


f 


I  ■ 
ij 

it 

li 


) 

1 

I 


« 


I 


!■:;  i 


I  ; 


:!  « t 


•1  .1 

:■  ■  » 


'    I 


U.  ..  «0>.™c.L  .U«IT 

•UCIITB.H0..7.      «.«« 

.._            c^        —            —      J__J 

^                       =.»l^ 

'"l^J    '  *''  "   ' 

S       0>       T       H  /I 
D      a/k      O^T      A    ( 

^                  W^OMt^NG 

1_J                                                         1     N     E     B     R      A      S      K     »  A 

HISTORICAL  DtAGftAM  OF  NORTH  DAKOTA  AND  SOUTH  DAKOTA. 


XZ3H 


COL,  K        A        N         5 


HISTORICAL  DIAGRAM  OF  OKLAHOMA. 


OANNKTT.]  MONTANA.  129 

MONTANA. 

The  Territory  of  Montana  was  organized  May  26, 1864,  from  a  portion 
of  Idaho.  Its  limits,  which  have  been  changed  bat  slightly,  are  given 
in  the  following  extract  from  the  organizing  act: 

That  all  that  part  of  the  territory  of  the  United  States  incladed  within  the  limits 
to  wit:  Commencing  at  a  point  formed  by  the  intersection  of  the  twenty-seventh 
degree  of  longitude  west  from  Washington  with  the  forty-fifth  degree  of  north  lati- 
tude; thence  dne  west  on  said  forty-fifth  degree  of  latitude  to  a  point  formed  by  its 
intersection  with  the  thirty-fourth  degree  of  longitude  west  ftom  Washington ;  thence 
due  south  along  said  thirty-fourth  degree  of  longitude  to  its  intersection  with  the 
forty-fourth  degree  and  thirty  minutes  of  north  latitude;  thence  due  west  along  said 
forty-fourth  degree  and  thirty  minutes  of  north  latitude  to  a  point  formed  by  its 
intersection  with  the  crest  of  the  Rooky  Mountains;  thence  following  the  crest  of 
the  Rocky  Mountains  northward  till  its  intersection  with  the  Bitter  Root  Mountains; 
thence  northward'  along  the  crest  of  said  Bitter  Root  Mountains  to  its  intersection 
with  the  thirty-ninth  degree  of  longitude  west  from  Washington;  thence  along  said 
thirty-ninth  degree  of  longitude  northward  to  the  boundary  line  of  the  British  pos- 
sessions ;  thence  eastward  along  said  boundary  line  to  the  twenty-seventh  degree  of 
longitude  west  from  Washington;  thence  southward  along  said  twenty-seventh 
degree  of  longitude  to  the  place  of  beginning,  be,  and  the  same  is  hereby,  created 
into  a  temporary  government  by  the  name  of  the  Territory  of  Montana.  (Thirty- 
eighth  Congress,  first  session. ) 

In  1873  Congress,  under  the  erroneoas  impression  that  a  portion  of 
Dakota  remained  west  of  Wyoming,  and  adjoining  Montana,  passed  an 
act  to  attach  it  to  Montana.  As,  however,  no  sach  detached  area  could 
by  any  possibility  have  existed,  the  compilers  of  the  Eevised  Statutes 
sought  to  give  the  act  effect  by  shifting  a  portion  of  the  southern  bound- 
ary of  Montana  from  the  parallel  of  44^  30'  to  the  continental  water- 
shed, thereby  reducing  Montana's  area.  The  following  is  the  act 
referred  to : 

AN  ACT  to  readjust  the  western  boondary  of  Dakota  Territory. 

That  all  that  portion  of  Dakota  Territory  lying  west  of  the  one  hundred  and  elev- 
enth meridian  of  longitude  which,  hy  an  erroneous  definition  of  the  boundaries  of 
said  Territory  by  a  former  act  of  Congress,  remains  detached  and  distant  from  Dakota 
projier  some  two  hundred  miles,  be,  and  the  same  is  hereby,  attached  to  the  adjoining 
territory  of  Montana.     (Forty-second  Congress,  third  session.) 

The  boundaries  of  Montana  are  as  follows :  Beginning  at  the  inter- 
section of  the  twenty-seventh  meridian  of  longitude  with  the  boundary 
line  between  the  United  States  and  the  British  possessions,  it  follows 
said  meridian  south  to  the  forty-fifth  parallel  of  latitude,  thenco  west 
on  this  [>arallel  to  the  thirty- fourth  meridian,  south  on  the  thirty-fourth 
meridian  to  the  point  where  that  meridian  intersects  the  continental 
watershed,  thence  westward  and  northwestward,  following  the  line  of 
the  continental  watershed  and  the  summit  of  the  Bitter  Boot  range, 
to  its  intersection  with  the  thirty -ninth  meridian;  thence  north  on  the 
thirty-ninth  meridian  to  the  boundary  line  between  the  United  States 
and  British  possessions  and  east  on  that  boundary  line  to  the  point  of 
beginning. 
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The  east  boundary  of  Montana  was  surveyed  and  marked  in  1885, 
and  the  south  boundary  in  1879-80,  under  the  General  Land  Office, 
That  portion  of  the  west  boundary  between  the  crest  of  the  Bitterroot 
Mountains  and  the  Canada  line  was  surveyed  and  marked  in  1898-99, 
under  the  United  States  Geological  Survey. 

Montana  was  admitted  as  a  State  on  November  8, 1889,  with  the 
above  boundaries. 

WYOMINO. 

Wyoming  was  organized  as  a  Territory  on  July  25,  1868,  from  an 
area  previously  comprised  in  the  Territory  of  Idaho.  Its  limits,  which 
are  the  same  as  originally  constituted,  are  defined  in  the  following 
clause  from  the  act  creating  the  Territory : 

That  all  that  part  of  the  UDited  States  described  as  follows :  Commencing  at  the 
intersection  of  the  twenty-seventh  meridian  of  longitude  west  from  Washington 
with  the  forty-fifth  degree  of  north  latitude,  and  running  thence  west  to  the  thirty- 
fourth  meridian  of  west  longitude,  thence  south  to  the  forty-first  degree  of  north 
latitude,  thence  east  to  the  twenty-seventh  meridian  of  west  longitude,  and  thenre 
north  to  the  place  of  beginning,  be,  and  the  same  is  hereby,  organized  into  a  tempo- 
rary government  by  the  name  of  the  Territory  of  Wyoming.  (Fortieth  Cungrew, 
second  session.) 

Wyoming  was  admitted  as  a  State  on  July  10, 1890,  with  the  above 
boundaries. 

The  south  and  west  boundaries  were  surveyed  and  marked  in  1873, 
under  the  General  Land  Office. 

COLORADO. 

Colorado  was  organized  as  a  Territory  on  February  28,  1861,  with 
the  limits  which  it  has  at  present,  being  made  from  portions  of  Utah, 
New  Mexico,  Kansas,  and  Nebraska. 

On  August  1,  1876,  it  was  admitted  as  a  State. 

The  following  clause  from  the  enabling  act  gives  its  limits : 

AN  ACT  to  enable  tho  poople  of  Colorado  to  form  a  constitution  and  State  government,  and  for  the 
admission  of  such  Stato  into  tho  T^nion  on  an  equal  footing;  with  the  original  States. 

Sbc.  2.  Tliat  the  said  Stato  of  Colorado  Bliall  consist  of  all  the  territory  inclnded 
within  the  following  boundaries,  to- wit :  Commencing  at  a  point  formed  by  the  inter- 
section of  the  thirty -seventh  degree  of  north  latitude  with  the  twenty-fifth  degree  of 
longitude  west  from  Washington ;  extending  thence  due  west  along  said  thirty-sev- 
enth degree  of  north  latitude  to  a  point  formed  by  its  intersection  with  the  thirty- 
second  degree  of  longitude  west  from  Washington;  thence  due  north  along  said 
thirty-second  degi-ee  of  west  longitude  to  a  point  formed  by  its  iutersection  with  the 
forty-first  degree  of  north  latitude;  thence  due  east  along  said  forty-first  degree  of 
north  latitude  to  a  point  formed  by  its  intersection  with  the  twenty-fifth  degree  of 
longitude  west  from  Washington ;  thence  due  south  along  said  twenty-fifth  degree 
of  west  longitude.     (Thirty -eighth  Congress,  first  session.) 

The  south  boundary  of  Colorado  was  run  and  marked  in  1868  and 
1874,  and  the  west  boundary  in  1878-79.  The  latter  line  was  retraced 
ftnd  re-marked  in  18&5.    Mi  t\i\&  ^««  under  the  General  Land  Office. 
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NEW  MEXICO. 

Kew  Mexico  was  organized  as  a  Territory  on  December  13, 1850.  Its 
original  area  formed  a  part  of  the  region  transferred  by  Mexico  to  the 
United  States  by  the  treaty  of  Gaadalape- Hidalgo  and  by  Texas.  It 
was  subsequently  enlarged  by  the  Oadsden  Purchase.  The  formation 
of  Colorado  Territory  in  1861  and  of  Arizona  in  1863  reduced  its  area 
to  its  present  limits.    ( Vide  Colorado,  p.  130,  and  Arizona,  p.  132.) 

The  following  clause  from  the  act  creating  the  Territory  gives  its 
original  limits: 

Section  2.  Aud  be  it  farther  enacted,  That  aU  that  portion  of  the  territory  of  the 
United  States  bounded  as  follows :  Beginning  at  a  point  in  the  Colorado  River,  where 
the  boundary  line  with  the  Republic  of  Mexico  crosses  the  same;  thence  eastward  ly 
with  the  said  boundary  line  to  the  Rio  Orande ;  thence  following  the  main  channel 
of  said  river  to  the  parallel  of  the  thirty-second  degree  of  north  latitude ;  thenoo  east 
with  said  degree  to  its  intersection  with  the  one  hundred  and  third  degree  of  longi- 
tude west  of  Oreenwich;  thence  north  with  said  degree  of  longitude  to  the  parallel 
of  thirty -eighth  degree  of  north  latitude;  thence  west  with  said  parallel  to  the  sum- 
mit of  the  Sierra  Madre ;  thenoe  south  with  the  crest  of  said  mountains  to  the  thirty- 
seventh  parallel  of  north  latitude;  thence  west  with  said  parallel  to  its  intersection 
with  the  boundary  line  of  the  State  of  California ;  thence  with  said  boundary  line  to 
the  place  of  beginning — be,  and  the  same  is  hereby,  erected  into  a  temporary  govern- 
ment by  the  name  of  the  Territory  of  New  Mexico.     (Thirty-first  Congress,  first 

session.) 

• 

The  present  boundaries  of  New  Mexico  are  as  follows :  Beginning  at 
the  point  of  intersection  of  the  one  hundred  aud  third  meridian  of  longi- 
tude west  of  Greenwich  with  the  thirty-seventh  parallel  of  latitude; 
running  thence  south  to  its  point  of  intersection  with  the  thirty-second 
parallel  of  latitude;  thence  west  on  this  parallel  to  its  intersection  with 
the  Eio  Grande;  thence  southerly  down  the  main  channel  of  the  Rio 
Grande  to  its  point  of  intersection  with  the  boundary  line  between  the 
United  States  and  Mexico;  thence  with  this  boundary  to  its  intersec- 
tion with  the  thirty-second  meridian  of  longitude;  thence  north  along 
this  meridian  to  the  thirty-seventh  parallel  of  latitude,  and  so  along 
that  parallel  to  the  point  of  beginning. 

The  west  boundary  of  New  Mexico  was  run  and  marked  in  1875, 
under  the  General  Land  Office. 

UTAH. 

Utah  was  organized  on  September  9, 1850,  from  territory  acquired  from 
Mexico  by  the  treaty  of  Guadalupe-Hidalgo.  Its  limits  originally 
extended  from  the  eastern  boundary  of  California  to  the  Eocky  Moun- 
tains, and  from  the  thirty-seventh  to  the  forty-second  parallel.  This 
area  was  reduced  by  the  formation,  in  1861,  of  the  Territories  of  Nevada 
(vide  p.  132)  and  Colorado  (see  p.  130),  and  in  1864  and  1866  by  the 
extension  eastward  of  the  limits  of  the  State  of  Nevada  (vide  p.  133). 
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The  followiiig  is  an  extract  from  the  act  creating  the  Territory. 

All  that  part  of  the  territory  of  the  United  States  incladed  within  the  following 
limite,  to  wit:  Bonnded  on  the  west  hy  the  State  of  California,  on  the  north  hy  the 
Territory  of  Oregon,  and  on  the  east  hy  the  summit  of  the  Rocky  Moontains,  and  n 
the  sonth  hy  the  thirty-seventh  parallel  of  north  latitude,  he,  and  the  same  is  heiebji 
created  into  a  temporary  government,  hy  the  name  of  the  Territory  of  Utah. 

The  present  boandaries  of  Utah  are  as  follows:  Gommeiiciiii;  with  the 
intersection  of  the  forty-second  parallel  of  latitude  with  the  thirty-fourth 
meridian  of  longitude;  rnnning  thence  sooth  on  this  meridian  to  the 
forty- first  parallel  of  latitude;  thence  east  on  this  parallel  to  the  thirty- 
second  meridian  of  longitude;  thence  south  on  this  meridian  to  its  in- 
tersection with  the  thirty  seventh  parallel  of  latitude;  thence  west  upon 
this  parallel  of  latitude  to  its  intersection  with  the  thirty-seventh  merid- 
ian of  longitude;  thence  north  on  this  meridian  to  its  intersection  with 
the  forty-seventh  parallel  of  latitude;  thence  east  on  the  forty-seventh 
parallel  of  latitude  to  the  point  of  beginning. 

Utah  was  admitted  as  a  State  on  January  4, 1896,  with  the  above 
boundaries. 

Its  north  boundary,  from  longitude  34^  to  37^,  was  sorveyed  and 
marked  in  1871,  and  its  west  boundary  in  1870,  under  the  General 
Land  Office. 

ABIZONA. 

Arizona  was  organized  as  a  Territory  on  February  24, 1863.  Its  area 
was  formerly  comprised  in  the  Territory  of  New  Mexico.  -In  1866  a 
portion  of  it  was  cut  off  and  given  to  the  State  of  Nevada.  ( Vide  Nevada, 
below.)  The  following  clause  from  the  act  creating  it  gives  its  limits 
as  originally  constituted : 

That  all  that  part  of  the  present  Territory  of  New  Mexico  sitoate  west  of  the  line 
mnning  doe  south  from  the  point  where  the  south'v^est  comer  of  the  Territory  of 
Colorado  joins  the  northern  boundary  of  the  Territory  of  New  Mexico  to  the  sonthem 
boundary  line  of  said  Territory  of  Now  Mexico  be,  and  the  same  is  hereby,  ereoted 
into  a  temporary  government  by  the  name  of  the  Territory  of  Arizona.  (For  limits 
of  the  piece  cut  off  and  added  to  Nevada,  see  that  State.) 

The  present  boundaries  of  Arizona  are  as  follows:  Beginning  at  the 
point  of  intersection  of  the  thirty-seventh  parallel  of  latitude  with  the 
thirty-second  meridian  of  longitude;  thence  south  along  this  meridian 
to  its  intersection  with  the  boundary  line  between  the  United  States 
and  Mexico;  thence  with  this  boundary  to  the  Colorado  River;  thence 
up  the  middle  of  the  main  channel  of  the  Colorado  River  to  its  point  of 
intersection  with  the  thirty-seventh  meridian  of  longitude;  north  on 
this  meridian  to  its  intersection  with  the  thirty-seventh  parallel;  and 
eastward  along  the  thirty-seventh  parallel  to  the  point  of  beginning. 

NEVADA. 

Nevada,  as  originally  constituted  on  March  2, 1861,  was  formed  fiom 
territory  taken  from  Utah.  Its  western  boundary  was  made  to  oonform 
to  the  eastern  boundary  of  Oalifomia  {vide  California,  p.  136) }  its  north- 
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eni  boundary  was,  as  now,  the  forty-second  parallel ;  the  eastern  was  the 
meridian  of  39^,  and  the  southern  the  parallel  of  37°.  By  the  enabling 
act  the  eastern  limit  was  extended  to  the  thirty-eighth  meridian.  It 
was  admitted  as  a  State  October  31, 1864,  with  above  limits  as  modified 
by  the  enabling  act,  and  in  1866  its  eastern  limits  were  still  ftirther 
extended  to  longitude  37^,  and  its  southern  line  established  as  at  pres- 
ent, the  latter  addition  having  been  made  from  Arizona. 

In  the  act  organizing  the  Territory  the  boundaries  are  defined  as 
follows: 

Beginning  at  the  point  of  intersection  of  the  forty-second  degree  of  north  latitnde 
with  the  thirty-ninth  degree  of  longitude  west  from  Washington ;  thence  running 
south  on  the  line  of  8aid  thirty-ninth  degree  of  west  longitude  until  it  intersects 
the  northern  boundary  line  of  the  Territory  of  New  Mexico;  thence  due  west  to  the 
dividing  ridge  separating  the  waters  of  Carson  Valley  from  those  that  flow  into 
the  Pacific;  thence  on  said  dividing  ridge  northwardly  to  the  forty-first  degree  of 
north  latitude;  thence  due  north  to  the  southern  boundary  of  the  State  of  Oregon; 
thence  due  east  to  the  place  of  beginning.     (Thirty-sixth  Congress,  second  session.) 

The  following  is  the  text  of  that  portion  of  the  enabling  act  relating 
to  boundaries : 

Sec;.  2.  That  the  said  State  of  Nevada  shall  consist  of  all  the  territory  included 
within  the  following  boundaries,  to  wit:  Commencing  at  a  point  formed  by  the 
intersection  of  the  thirty-eighth  degree  of  longitude  west  from  Washington  with  the 
thirty-seventh  degree  of  north  latitude;  thence  due  west  along  said  thirty-seventh 
degree  of  north  latitude  to  the  eastern  boundary  line  of  the  State  of  California; 
thence  in  a  northwesterly  direction  along  the  said  eastern  boundary  line  of  the  State 
of  California  to  the  forty-third  degree  of  longitude  west  from  Washington;  thence 
north  along  said  forty-third  degree  of  west  longitude  and  said  eastern  boundary  line 
of  the  State  of  California  to  the  forty -second  degree  of  north  latitude ;  thence  due 
east  along  the  said  forty -second  degree  of  north  latitnde  to  a  point  formed  by  its 
intersection  with  the  aforesaid  thirty-eighth  degree  of  longitude  west  from  Wash- 
ington ;  thence  due  south  down  said  thirty-eighth  degree  of  west  longitude  to  the 
place  of  beginning.     (Thirty-eighth  Congress,  first  session.) 

The  following  act  makes  the  addition  to  its  area  from  Arizona  referred 
to  above: 

AN  ACT  concerning  the  boundaries  of  the  State  of  Nevada. 

That,  as  provided  for  and  consented  to  in  the  constitution  of  the  State  of  Nevada, 
all  that  territory  and  tract  of  land  adjoining  the  present  eastern  boundary  of  the 
State  of  Nevada,  and  lying  between  the  thirty-seventh  and  the  forty-second  degrees 
of  north  latitude  and  west  of  the  thirty-seventh  degree  of  longitude  west  of  Wash- 
ington, is  hereby  added  to  and  made  a  part  of  the  State  of  Nevada. 

Sec.  2.  That  there  is  hereby  added  to  and  made  a  part  of  the  State  of  Nevada  all 
that  extent  of  territory  lying  within  the  following  boundaries,  to  wit:  Commencing 
on  the  thirty -seventh  degree  of  north  latitude  at  the  thirty-seventh  degree  of  longi- 
tude west  from  Washington,  and  running  thence  south  on  said  degree  of  longitude  to 
the  middle  of  the  river  Colorado  of  the  West;  thence  down  the  middle  of  said  river 
to  the  eastern  boundary  of  the  State  of  California;  thence  northwesterly  along  said 
boundary  of  California  to  the  thirty-seventh  degree  of  north  latitude;  and  thence 
east  along  said  degree  of  latitude  to  the  point  of  beginning.  (Thirty-ninth  Con- 
gress, first  session.) 
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The  preseut  limits  of  Nevada  are  as  follows: 

The  east  boundary  is  the  thirty-seventh  meridian  of  longitade,  extend- 
ing from  the  forty-second  parallel  of  latitude  southward  to  its  inter- 
section with  the  middle  of  the  Colorado  Biver;  thence  following  the 
mid-channel  of  the  Colorado  River  down  to  the  point  where  it  intersects 
the  thirty-fifth  parallel  of  latitude;  the  southwest  boundary  is  the  arc 
of  a  great  circle  running  from  the  last-mentioned  point  and  the  point  of 
intersection  of  the  one  hundred  and  twentieth  degree  of  longitude  west 
of  Greenwich  with  the  thirty-ninth  parallel  of  latitude ;  the  west  bound- 
ary is  the  one  hundred  and  twentieth  degree  of  longitude  west  of 
Greenwich ;  the  north  boundary  is  the  forty-second  parallel  of  latitude. 

The  north  boundary  was  surveyed  and  marked  in  1873,  and  the  west 
boundary,  from  latitude  42^  south  to  Lake  Tahoe  and  thence  southeast 
to  Colorado  Eiver,  in  latitude  35<=>,  in  1872,  under  the  General  Land 
Office.  Between  1890  and  1899  the  United  States  Coast  and  Geodetic 
Survey,  under  an  appropriation  by  Congress,  ran  a  new  line  from  Lake 
Tahoe  to  Colorado  Eiver,  differing  widely  in  some  places  from  the 
former  line.  At  this  writing  this  line  has  not  yet  been  accepted  as  the 
boundary. 

IDAHO. 

The  Territory  of  Idaho  was  formed  March  3, 1863,  from  parts  of  Wash- 
ington, Dakota,  and  Nebraska.  Its  original  limits,  which  included, 
besides  the  present  territory,  all  of  Montana  and  Wyoming,  were  given 
as  follows  in  the  act  organizing  the  Territory : 

That  all  that  part  of  tho  territory  of  the  United  States  included  within  the  follow- 
ing limits,  to  wit :  Beginning  at  a  point  in  the  middle  channel  of  the  Snake  River 
where  the  northern  boundary  of  Oregon  intersects  the  same ;  then  follow  down  said 
channel  of  Snake  River  to  a  point  opposite  the  month  of  the  Kooskooskia,  or  Clear- 
water River;  thence  due  north  to  the  forty-ninth  parallel  of  latitude ;  thence  east 
along  said  parallel  to  the  twenty-seventh  degree  of  longitude  west  of  Washingtoo; 
thence  south  along  said  degree  of  longitude  to  the  northern  boundary  of  Colorado 
Territory ;  thenco  west  along  said  boundary  to  the  thirty-third  degree  of  longitnde 
west  of  Washington ;  thence  north  along  said  degree  to  the  forty-second  parallel  of 
latitude ;  thenco  west  along  said  parallel  to  the  eastern  boundary  of  the  State  of  Ore- 
gon; thence  north  along  said  boundary  to  the  place  of  beginning.  (Thirty-sevesth 
Congress,  third  session.) 

From  this  were  formed  Montana  in  1864  (vide  Montana,  p.  129),  aiKl 
Wyoming  (vide  Wyoming,  p.  130),  in  1868,  thereby  reducing  this  terri 
tory,  with  the  small  addition  made  in  1873  {vide  Montana,  p.  129),  to  its 
present  limits. 

The  present  boundary  line  of  Idaho  is  as  follows:  Beginning  at  the 
intersection  of  the  thirty-ninth  meridian  with  the  boundary  line  between 
the  United  States  and  the  British  Possessions,  it  follows  said  meridian 
south  until  it  reaches  the  summit  of  the  Bitter  Root  Mountains;  thence 
southeastward  along  the  crest  of  the  Bitter  Root  range  and  the  conti- 
nental divide  until  it  intersects  the  meridian  of  thirty-fonr  degrees  of 
longitude ;  thence  s^ow\\i\NaY^o\iWi\^\\i^Y\diau  to  the  forty-second  parallel 
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of  latitude;  tlience  west  on  this  parallel  of  latitude  to  its  intersection 
with  a  meridian  drawn  through  the  mouth  of  the  Owyhee  River;  north 
on  this  meridian  to  the  mouth  of  the  Owyhee  River;  thence  down  the 
mid-channel  of  the  Snake  River  to  the  mouth  of  the  Clearwater;  and 
thence  north  on  the  meridian  which  passes  through  the  mouth  of  the 
Clearwater  to  the  boundary  line  between  the  United  States  and  the 
British  Possessions;  and  east  on  said  boundary  line  to  the  place  of 
beginning. 

On  July  3,  1890,  Idaho  was  admitted  as  a  State,  with  the  above 
limits. 

The  west  boundary  of  Idaho,  from  the  mouth  of  Clearwater  River  to 
the  forty-ninth  ])arallel,  was  surveyed  and  marked  in  1873-74.  The 
longitude  of  this  line  has  been  determined  by  the  United  States  Geo- 
logical Survey  to  be  117^  02'  34".  The  west  boundary,  from  the  mouth 
of  Owyhee  River  south  to  the  Nevada  boundary,  was  surveyed  and 
marked  in  18G7.  Its  longitude  has  been  determined  as  117°  01'  56"  by 
the  United  States  Geological  Survey.  Both  these  lines  were  run  under 
the  General  Land  Office. 

0BE60N. 

Oregon  Territory  was  organized  August  14,  1848.  The  grounds  of 
our  title  to  its  area  are  obscure.  In  treating  with  Great  Britain  for  the 
establishment  of  our  northern  boundary  west  of  the  Rocky  Mountains 
this  region  was  claimed  on  three  grounds — that  of  discovery  and  occu- 
pation, the  Louisiana  purchase,  and  cession  from  Spain.  On  which  of 
these  grounds  we  succeeded  in  having  the  boundary  established  on  the 
forty-ninth  parallel  will  never  be  ascertained,  and  is  of  little  moment. 

The  Territory  as  originally  established  extended  from  the  forty-second 
to  the  forty-ninth  parallel,  and  from  the  Pacific  Ocean  to  the  crest  of 
the  Rocky  Mountains,  with  boundaries  defined  in  the  organizing  act 

as  follows : 

. 

AH  that  part  of  the  territory  of  the  United  States  which  lies  west  of  the  snmmit  of 
the  Rocky  Mountains^  north  of  the  forty-second  degree  of  north  latitude,  known  as 
the  Territory  of  Oregon,  Hhall  be  organized  into  and  constitute  a  temporary  govern- 
meut  l>y  the  name  of  the  Territory  of  Oregon.     (Thirtieth  Congress,  first  session.) 

In  1853  the  Territory  was  reduced  by  the  formation  of  Washington 
Territory  {vide  Washington,  p.  136),  and  on  February  14,  1859,  it  was 
admitted  as  a  State  with  its  present  boundaries.  These  are  defined 
below  in  an  extract  from  the  State  constitution: 

Beginning  one  marine  league  at  sea  dae  west  from  the  point  where  the  forty-second 
parallel  of  north  latitude  intersects  the  same ;  thence  northerly,  at  the  same  distance 
from  the  line  of  the  coant  lying  west  and  opposite  the  State,  including  all  islands 
within  the  jurisdiction  of  the  United  States,  to  a  point  due  west  and  opposite  the 
middle  of  the  north  ship  channel  of  the  Columbia  Kiver;  thence  easterly  to  and  ap 
the  middle  channel  of  said  river,  and  where  it  is  divided  by  islands,  up  the  middle  of 
the  widest  channel  thereof,  and  in  like  manner  up  the  middle  of  the  main  channel 
of  Snake  Kiver  to  the  month  of  the  Owyhee  River;  thencA  d^i^  ^^^q^\a\>c^^^vk:«^sSv 
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of  latitude  forty-two  degrees  north ;  thenoe  west  along  said  parallel  to  the  place  of 
beginning,  inclading  jurisdiction  in  civil  and  criminal  cases  upon  the  Colombia 
River  and  Snake  River  concurrently  with  States  and  Territories  of  which  those 
rivers  form  a  boundary  in  common  with  this  State.  But  the  Congress  of  the  United 
States,  in  providing  for  the  admission  of  this  State  Into  the  Union,  may  make  the 
said  northern  boundary  conform  to  the  act  creating  the  Territory  of  Washington. 

The  boundary  line  between  Oregon  and  Washington  on  the  forty- 
sixth  parallel  of  latitude  was  surveyed  and  marked  in  1864,  under  the 
General  Land  Offiee. 

WASHINGKrON. 

This  was  organized  March  2, 1853,  from  a  part  of  Oregon  Territory. 
Its  limits,  as  originally  constituted,  were  as  given  in  the  following  clause 
from  the  act  of  Congress  creating  it: 

That  from  and  after  the  passage  of  this  act  all  that  portion  of  Oregon  Territory 
lying  and  being  south  of  the  forty-ninth  degree  of  north  latitude,  and  north  of  the 
middle  of  the  main  channel  of  the  Columbia  River  from  its  mouth  to  where  the  forty- 
sixth  degree  of  north  latitude  crosses  said  river,  near  Fort  Walla  WaUa,  thence  with 
said  forty-sixth  degree  of  latitude  to  the  summit  of  the  Rocky  Mountains,  be  organ- 
ized into  and  constitute  a  temporary  government  by  the  name  of  the  Territory  of 
Washington.    (Thirty-second  Congress,  second  session.) 

In  1859,  on  the  formation  of  the  State  of  Oregon,  the  residue  of  the 
Territory  of  Oregon,  being  the  portion  lying  east  of  the  present  limits 
of  the  State,  extending  thence  to  the  crest  of  the  Bocky  Mountains, 
was  added  to  Washington.  This  area,  with  the  part  of  Washington 
lying  east  of  its  present  limits,  was  included  in  Idaho  on  the  formation 
of  that  Territory  in  1863. 

The  present  boundaries  of  Washington  Territory  are  as  follows: 
Beginning  on  the  coast  at  the  mouth  of  the  Columbia  Eiver;  following 
up  the  main  channel  of  the  Columbia  River  to  its  point  of  intersection 
with  the  forty-sixth  parallel  of  latitude;  thence  east  on  the  forty-sixth 
parallel  to  the  Snake  Eiver;  thence  down  the  main  channel  of  the 
Snake  Eiver  to  the  mouth  of  the  Clearwater;  thence  north  on  the 
meridian  which  passes  through  the  mouth  of  the  Clearwater  to  the 
boundary  line  between  the  United  States  and  the  British  possessions; 
thence  west  with  that  boundary  line  to  the  Pacific. 

Washington  was  admitted  as  a  State  on  November  11, 1889,  with  its 
limits  as  above  defined. 

CALIFORNIA. 

California  was  admitted  to  the  Union  on  September  9, 1850.  Its  area 
was  taken  from  territory  acquired  from  Mexico  by  the  treaty  of  Guade- 
lupe-Hidalgo.  Its  limits,  as  defined  in  the  State  constitution,  are  as 
follows : 

Commencing  at  the  point  of  intersection  of  forty-second  degree  of  north  latitude 
with  the  one  hundred  and  twentieth  degree  of  Jongitude  west  from  Greenwich,  and 
nmoing  south  on  the  line  of  said  one  hundred  and  twentieth  degree  of  west  longi- 
tude until  it  intereectB  the  thkty-i]i^\»\i  ^<^^g£^  oC  uorth  latitude ;  thenoe  nuinlng  in 
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a  straight  line  in  a  Boutheasterly  direction  to  the  river  Colorado,  at  a  point  where  it 
intersects  the  thirty-fifth  degree  of  north  latitude;  thence  down  the  middle  of  the 
channel  of  said  river  to  the  boundary  line  between  the  United  States  and  Mexico  as 
established  by  the  treaty  of  May  30,  1848;  thence  running  west  and  along  said 
boundary  line  to  the  Pacific  Ocean,  and  extending  thendn  three  English  miles; 
thence  running  in  a  northwesterly  direction  and  following  the  direction  of  the  Pacific 
coast  to  the  forty -second  degree  of  north  latitude;  thence  on  the  line  of  said  forty- 
second  degree  of  north  latitude  to  the  place  of  beginning.  Also  all  the  islands, 
harbors,  and  bays  along  and  adjacent  to  the  Pacific  coast. 

The  iiorthern  boundary  was  surveyed  and  marked  iu  1868-69,  under 
tlie  General  Land  Office. 
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LETTER  OF  TRANSMITTAL. 


Depabtment  of  the  Interior, 

United  States  Geological  Survey, 

Division  op  Geology, 

WashmgUm^  D.  C. ,  June  i^,  1900. 

Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  of  a 

Bibliography  and  Index  of  North  American  Geology,  Paleontology, 

Petrology,  and  Mineralogy  for  the  Year  1899,  and  to  request  that  it 

be  published  as  a  bulletin  of  the  Survey. 

Very  respectfully, 

F.  B.  Weeks. 
Hon.  Charles  D.  Waloott, 

Director  United  Sta/tes  Oeological  Survey. 
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BIBLIOGRAPHY  AND  INDEX   OF   NORTH    AMERICAN 

GEOLOGY,  PALEONTOLOGY,  PETROLOGY,  AND 

MINERALOGY  FOR  THE  YEAR  1899. 


By  Fred  Boughton  Weeks. 


INTRODUCTION. 

The  method  of  preparing  and  arranging  the  material  of  the  Bibliog- 
raphy and  Index  for  1899  is  similar  to  that  adopted  for  the  previous 
publications  on  this  subject  (Bulletins  Nos.  130,  135,  146, 149, 156,  and 
162).  Several  papers  that  should  have  been  entered  in  the  previous 
bulletins  are  here  recorded  and  the  date  of  publication  is  given  with 
each  entry. 

Bibliography. — The  bibliography  consists  of  full  titles  of  separate 
papers,  classified  by  authors,  an  abbreviated  reference  to  the  publica- 
tion in  which  the  paper  is  printed,  and  a  brief  summary  of  the  con- 
tents, each  paper  being  numbered  for  index  reference.  The  extent  of 
papers  less  than  a  single  page  in  length  is  indicated  as  i  p.,  5  1  (lines). 

Index, — ^The  subject  headings,  their  subdivision  and  arrangement, 
are  shown  in  the  Classified  Key  to  the  Index.  They  comprise  geo- 
graphic, geologic,  mineralogic,  paleontologic,  and  petrologic  subdivi- 
sions. Under  Economic  Geology  is  given  a  list  of  the  useful  minerals 
and  ores  described  in  publications  examined;  under  Mineralogy,  a  list 
of  minerals  described  in  such  publications;  under  Paleontology,  a  list 
of  genera  and  species  of  fossils  therein  described,  and  under  Petrology, 
a  list  of  rocks  described,  reference  being  made  in  each  case,  by 
author's  name  and  number  of  article  in  the  Bibliogmphy,  to  the  pape. 
in  which  the  fossil,  mineral,  or  rock  is  described. 
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72  Peters  (W.  J.)  and.     Report  on  the  White  River-Tanana 

expedition  [Alaska]. 

See  Peters  ( W.  J. )  and  Brooks  (A.  H. ),  No.  524. 

73  Buckley  (Ernest  Robertson).     On  the  building  and  ornamental 

stones  of  Wisconsin. 

Wis.  Greol.  and  Nat.  Hist  Surv.,  Bull.,  No.  iv,  econ.  ser.  No.  2,  500  pp., 
pis.  i-lxix,  figs.  1-4, 1898. 

Describes  the  occurrence  and  character  of  the  building  and  ornamental 
stones  derived  from  the  igneous  and  sedimentary  fonnationsof  Wisconsin. 

74  [Review  of  ''Report  on  the  building  and  decorative  stones  of 

Maryland,"  by  George  P.  Merrill  and  Edward  B.  Mathews.] 
Jour,  of  GeoL,  vol.  vii,  pp.  206-209, 1899. 
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75  Burr  (H.  T.).     A  drainage  peculiarity  in  Androscoggin  Coonh 

Maine. 

Am.  Geol.,  vol.  xiuv^pp.  309-371,  1899.  Abstract:  Science,  new  set 
vol.  ix, p. 519  (t  p.),  1899. 

Describes  a  peculiar  lake  delta  formation. 

76  Bush  (Katherine  J.).     [Review  of  ^^  Synopsis  of  the  Recent  an 

Tertiary  Leptonacea  of    North  America    and    the   Wet 
Indies,  by  W.  H.  Dall."] 

Science,  new  ser.,  vol.  x,  pp.  249-251, 1899. 

77  Bnshong  (F.  W.).     The  deep  well  at  Madison,  Kansas. 

Kah.  Acad.  8ci.,  Trans.,  vol.  xvi,  pp.  67-70, 1899. 
Gives  a  section  of  the  well. 

C. 

78  Calvin  (Samuel),     lowan  drift. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  107-120, 1899. 

Describes  character  and  distribation  of  the  lowan  drift,  and  compare 
with  other  drift  formations. 

79  A  notable  ride.     From  driftless  area  to  lowan  drift. 

Am.  Geol.,  vol.  xxiv,  pp.  372-376, 1899. 

Describes  the  character  and  origin  of  certain  topographic  featorra  ii 
Iowa. 

80  Campbell  (Marius  R.).     Standingstone  folio,  Tennessee. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  No.  53, 1899. 

Describes  the  general  physiographic  and  geologic  features,  the  charac- 
ter and  occurrence  of  the  Silurian,  Devonian,  and  Carboniferous  rocks, 
and  the  o<;<'urrence  of  coal  in  the  quadrangle.  Includes  topographic, 
geologic,  and  economic  maps  and  stnicture  sections. 

81  Carter  (O.  C.  S.).  Coastal  topography  of  the  United  States. 

Phil.  Eng.  Club. ,  Proc. ,  vol.  xvi,  pp.  275-303, 1899.     ( Not  seen. ) 

82  Case  (E.  C).     The  development  and  geological  relations  of  the 

Vertebmtes,  Part  V,  Mammalia  (Continued). 

Jour,  of  Geol.,  vol.  vii,  pp.  163-187, 1899. 

De8i!rilx?s  geologic  and  geographic  distribution  of  Equidse,  Lophiodon- 
tidae,  Suidte,  TapiritUe,  Oreodontida;,  and  other  groups. 

83  Castleman  (J.  W.).     The  brown  iron  ore  mines  near  Leeds,  in 

Jefferson  C^ounty  [Alabama]. 

Ala.  Ind.  and  Sci.  S«x'..,  Proc\,  vol.  ix,  pp.  13-18, 1899. 
DetMTiK'H  the  jrei)l()j:i(r  features  of  the  region  and  (X'currence  of  the  iron 
oreH. 

84  Catlett  (Charles).     The  iron  ores  of  the  Potsdam  formation  in  the 

Valley  of  Virginia. 
Abstract:  Eng.  and  Min.  Jour.,  vol.  Ixviii,  pp.  157-168, 1899. 
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85  Chamberlin  (T.  C.)-     An  attempt  to  frame  a  working  hypothesis 

of  the  cause  of  Glacial  periods  on  an  atmospheric  basis. 

Jour,  of  Geol.,  vol.  vii,  pp.  546-^84,  667-685,  751-787,  1899. 
Describe8  the  characteristics  of  this  hypothesis  and  its  application  to 
known  Glacial  and  intergladal  epochs. 

86  [Review  of  ''A  preliminary  report  on  the  artesian  well  sys- 

tem of  Georgia,"  by  S.  W.  McCaUie]. 

Jour,  of  Geo!.,  vol.  vii,  p.  722  (J  p.),  1899. 

87  Lord  Kelvin's  address  on  the  age  of  the  earth  as  an  abode 

fitted  for  life. 

Science,  new  sen,  vol.  ix,  pp.  889-901,  vol.  x,  pp.  11-18,  1899. 

88  Chalmers  (Robert).     Report  on  the  surface  geology  and  auriferous 

deposits  of  southeastern  Quebec. 

Can.  Geol.  Surv.,  new  ser.,  vol.  x,  R«pt.  J,  160  pp.  1  map,  2  pis.,  1898. 
Describes  the  physiography  and  drainage,  the  character  and  distribu- 
tion of  the  glacial  and  superficial  deposits,  and  the  occurrence  of  gold. 

89  Charlton  (W.  A.,  jr.).     Goulais  River  to  Dalton  [Ontario]. 

Ont.  Bur.  of  Mines,  vol.  viii,  pp.  197-204,  pis.  21-27,  1899. 
Describes  the  general  geologic  and  physiographic  features. 

90  Clark  (W.  B.).     The  relations  of  Maryland  topography,  climate, 

and  geology  to  highway  construction. 
Md.  Geol.  Surv.,  vol.  iii,  pp.  47-106,  pis.  iii-xi,  figs.  1-3,  1899. 

91  [Review  of  "Revised  text  book  on  geology,"  by  J.  I).  Dana, 

edited  by  Wm.  North  Rice]. 

Science,  new  ser.,  vol.  ix,  p.  147,  1899. 

92  Clarke  (F.  W.).     [Chemical  composition  of  roscoelite.J 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  454-455,  1899.     Review:  Am. 
Geol.,  vol.  xxiv,p.  318  {i  p.),  1899. 

93  Constitution  of  tourmaline. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  111-121,  1899.     Review:  Am. 
Geol.,  vol.  xxiv,  pp.  318-319,  1899. 

94  The  alkaline  reaction  of  some  natural  silicates. 

Review:  Am.  Geol.,  vol.  xxiii,  p.  328  (71.),  1899. 

95  and  Darton  (N.  H.).     Hydromica  from  New  Jersey. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  365-366,  1899.     Review:  Am. 
Geol.,  vol.  xxiv,  p.  182  (t  p.),  1899. 
Describes  occurrence  of  chemical  characters  of  the  material. 

96  Clarke  (John  M.).     The  Naples  fauna  (fauna  with  Mantiocei-as 

intumescens)  in  western  New  York. 

N.  Y.Geol.  Surv.,  16th  Ann.  Rept.,  pp.  29-162,  9  pis.,  106  figs.,  1899. 

Describes  the  geologic  relations  and  vertical  range  of  the  genera  and 
species. 
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97  Clarke  (John  M.).    Notes  on  the  early  stages  of  certain  Groniatites 

N.  Y.  Geol.  Surv.,  16th  Ann.  Kept,  pp.  163-170,  7  figs.,  1899. 

98  Upper  Silurian  fauna  of  the  Rio  Trombetas,  State  of  Pam 

Brazil,  and  Devonian  moUu^ks  from  the  State  of  Pan 
Brazil. 

Archives  do  Museu  Nacional  do  Rio  de  Janeiro,  vol.  x.  Review:  .\m 
Geol.,  vol.  xxiv,  pp.  311-317,  1899. 

99  Geological  time. 

Science,  newser.,  vol.  x,  pp.  695,  1899. 

DesK^ribeH  certain  methods  previously  employed  by  which  to  estimat 
geologic  time. 

100  (a)  Paropsonoma:  A  peculiar  echinoderm  from  the  Intumes 

c<?n.s  fauna,  New  York,  (b)  Remarkable  occurrence  o 
Orthocerow  in  the  Oneonta  sandstones  of  New  York,  (c 
The  Squaw  Island  '•  Water  biscuit,"  Canandaigua  Lake,  Nen 
York. 

Abstracts:  Am.  Assoc.  Adv.  Sci.,  Proc.,  vol.  xlviii,  p.  226  (J  p.) 
Science,  new  ser.,  vol.  x,  pp.  488-489  (i  p.),  1899. 

101  and  Schuchert  (Charles).     The  nomenclature  of  the  Nov 

York  series  of  geological  formations. 

Science,  new  ser.,  vol.  x,  pp.  874-878,  1899. 

DiwusMCH  the  applications  which  have  been  made  of  the  subdivision 
o(  the  New  York  series,  and  proposes  a  series  of  names  <ierived  fron 
chanu'tcristic  New  York  localities. 

102  Hall  (J.)  and.     A  memoir  on  the  Paleozoic  reticulate  sponge* 

constituting  the  family  I)ictyospongida\  Part  I. 

See  Hall  (J. )  and  Clarke  (J.  M.),  Nos.  275  and  276. 

103 A  memoir  on  thi*  Paleozoic  reticulate  spi>nges  consti- 
tuting the  family  Dic^tyospongida*,  Part  II. 

See  Hall  (J.)  and* Clarke  (J.  M.),  Nos.  275  and  277. 

104  Clements  (»1.  Morgan).     Contri})uti()ns  to  the  stud3'   of   contact 

metimiorphism. 

Am.  Jour.  S<-i.,  4th  ner.,  vol.  vii,  pp.  81-90.  Al^stracts:  Am.  Geol.,  vol. 
xxiv,  pp.  254-255;  Am.  Nat.,  vol.  xxxiii,  pp.  551-552,  1899. 

l)eHcril)eH  contact  metamorphism  of  Mansfield  slates  in  the  upper 
I)eninsula  of  Michi^n. 

105  and  Smyth  (H.  L.).     The  Crystal  Falls  iron-bearing  district 

of  Michigan.  W  ith  a  chaptiM*  on  the  Sturgeon  River  tongue 
by  W.  S.  Bay  ley,  and  an  introduction  by  C.  R.  Van  Hise. 

V.  S.  (Jcol.  Surv.,  M(m.  XXXVl,  512  pp.,  53  pis.,  24  figs.;  19th  Ann. 
Kept.,  Vi.  Ill,  pp.  HJ-151,  i)Ks.  i-xi,  figs.  1-6,  1899.  Review:  .\m.  Geol., 
vol.  xxiv,  J)]).  .mH-811,  18i)9. 

DescrilH'H  the  physiography  of  the  region  and  the  <x*currence  and 
(•haracter  of  the  Archean  and  Algonkian  formations  and  of  the  iron-ore 
deposits,     luclwdett  \j,^K)lovtic  uiavw. 
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106  Coleman  (Arthur  P.).     Lake  IroquoiH  and   its  predecessor  at 
Toronto  [Canada.] 

Greol.  Soc.  Am.  Bull.,  vol.  x,  pp.  165-176, 1899.  Abstracts:  Am.  Geol., 
vol.  xxxiii,  pp.  103-104  (J  p.);  Science,  new  ser.,  vol.  ix,  pp.  143- 
144,  1899. 

Describes  glacial  features  of  the  region. 

107 A  new  analcite  rock  from  Lake  Superior. 

Jour,  of  Geol.,  vol.  vii,  pp.  431-436,  189<). 

Describes  the  occurrence  and  petrographic  and  chemical  characters. 

ft 

108  Corundiferous  nepheline  syenite  from  eastern  Ontario. 

Jour.  Geol.,  vol.  vii,  pp.  437-444,  1899. 
Describes  occurrence  and  petrographic  character. 

109  Copper  regions  of  the  upper  lakes  [Ontario]. 

Ont.  Bur.  of  Mines,  vol.  viii,  pp.  121-174,  12  pis.,  1899. 

Describes  the  general  physiographic  and  geologic  features  of  the  region 
and  the  character  and  occurrence  of  the  Archean  rocks  and  Algonkian 
and  Pleistocene  deposits.  Includes  notes  on  the  petrographic  characters 
of  the  igneous  rocks. 

110  Corundiferous  nephelite  syenite. 

Out.  Bur.  of  Mines,  vol.  viii,  pp.  250-253,  1899. 
Describes  character  and  occurrence  in  Ontario. 

111  C/opper  in  Parry  Sound  district  [Ontario]. 

Ont.  Bur.  of  Mines,  vol.  viii,  pp.  259-262,  1899. 
Describes  character  and  occurrence  of  copjjer  ores. 

112  and  Willxnott  (A.  B.).     Michipicoton  iron  ninge. 

Ont.  Bur.  of  Mines,  vol.  viii,  pp.  254-258,  1899. 
Describes  occurrence  of  iron  in  the  region. 

113  Colqnhoun  (A.  J.).      Notes  on   occurrence    of    quicksilver    in 

Canada. 

Can.  Min.  Inst.  Jour.,  vol.  ii,  pp.  13-16;  Can.  Min.  Rev.,  vol.  xviii, 
pp.  41^2;  Min.  and  Sci.  Press,  vol.  Ixxix,  p.  288,  1899. 

^^^  • 

114  Comely  (V.  R.  de).     The  gold  resources  of  Mexico. 

Eng.  and  Min.  Jour.,  vol.  Ixvii,  pp.  320-321,  348,  1899. 
Describes  general  occurrence  of  auriferous  veins  and  placers. 

115  Cooper  (A.  S.).     The  genesis  of  petroleum  and   asphaltum  in 

California. 
Cal.  State  Min.  Bureau  Bull.,  No.  16,  89  pp.,  29  figs.,  1899. 

116  The  genesis  of  petroleum  and  asphaltum  in  California. 

Min.  and  Sci.  Press,  vol.  Ixxviii,  pp.  124,  149,  182,  205  (2  figs.),  236 
(1  fig.),  264  (2  figs.), 289-290  (1  fig. ), 320  (1  fig.),  344  (2 figs.), 377  (1  fig.), 
401-402,432  (1  fig.),  460  (1  fig.),  1899. 

Describes  occurrence  and  discusses  origin. 
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117  Cooper  (^A.  S.).     PheDomeoa  ju^compuirii^  the  xymnnlatinag  of 

bitunKTi. 
Min.  arid  Hci.  Fnm^  t<4.  Ixxix^  pfk.  63S-6S3  <  3  fies.  i.  665  « 3  fics.  >.  691 

n  %.y.  721,  1899. 

118  Cope  (pylward  IX).     Vertebrate   remains   from    Port    Kennedy 

Uifw*  d«ffKirtit  [Peniu^lvania]. 
Ptjil.  AtauL  Nat.  Sc^.  Joar.,  2ad  aer.,  voL  xi,  pt.  ii,  pp.  193-267,  phi 

x'lx-xxi^  1899. 

119  Crook  (\.  It).     Oliver  Marcy,  LL.  D. 

Am.  ^iwjl.,  vol.  xxiv,  pp.  67-72,  pi.  i\%  1899. 
Given  a  Hketeh  of  Profeasor  3Iarev*8  life. 

12^)  Croel>7  (W.  O.).  Archean-Cambrian  cod  tact  near  Manitou,  Colo- 
rado. 

(UmA.  HtH'.  Am.,  Bull.,  vol.  x,  pp.  141-164,  pis.  xiv-xviii,  38  figs.  1899. 
AljHtrurrtM:  Am.  Gefil.,  vol.  xxiii,  p.  92;  Science,  new  ser.,  vol.  ix,  p.  101 
(J  p.),  1H99. 

lh*m-ii)H^  the  c^jntarrt,  the  Btructoral  featnre*»,  modes  of  eroeion,  and 
the  H'lation  of  the  form  of  the  contacts  and  the  character  of  the  over- 
lyin)<  H<Mlimentii. 

121  —  (jeolo^y  of  the  Wachusett  dam  and  Wachusett  aqueduct 
tunnf^l  of  the  Metropolitan  waterworks  in  the  vicinity  of 
Olinton,  MasHachiwetts. 

Te<li.  (^uart.,  vol.  xii,  pp.  68-96,  10  figs.,  1899. 

I)t»H<TilH!H  the  (^hanu'ter  and  occurrence  of  the  sedimentary  and  igneous 
nxjlcH  and  ntructure  ft»atureH  of  the  region. 

V22  -  (roolo^iciil  history  of  the  Nashua  Valley  during*  the  Ter- 
tiary and  Quat(»rnary  periods. 

Tech.  (iuart.,  vol.  xii,  pp.  288-324,  4  pla.,  1899. 
DcHcrilH'H  the  physiography  and  character  of  the  Tertiary  and  Pleisto- 
cene drainage. 

12H        -   I U<»vi(»w  of ''The  genesis  of  bitumens  as  related  to  chemi- 
cal geology,"  by  S.  F.  Peckham.] 
Am.  (leol.*  vol.  xxiii,  p.  327  (4  I.),  1899. 

124  IRevirw  of  ''Notes  on  North  Carolina  minei'al8,'M>y  J.  H. 

I  Vat  1. 1 

Am.  (fcol.,  vol.  xxiii,  pp.  325-326,  (J  p.),  189<). 

12r>  |Revi(»\v  of  '*Tlie  origin  and  chemical  composition  of  petro- 

leum/^ by  S.  P.  Sadtler,  S.   F.  Peckham,  David  T.  Day, 
Fnuicis  C.  Phillips,  and  Charles  F.  Mabeiy.J 

Am.  Gei>l.,  vol.  xxiii,  pp.  326-327, 1899. 
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126  Crosby  (W.  O.).     [Review  of  '^ Origin  of  grahamite,"  by  I.  C. 

White;  "A  contribution  to  the  study  of  contact  metamor- 

« 

phism,"  by  J.  Morgan  Clements;  '^The  petrographical 
province  of  Essex  County,  Mass.,"  by  H.  S.  Washington; 
and  ''A  contribution  to  the  geology  of  the  pre-Cambrian 
igneous  rocks  of  the  Fox  River  Valley,  Wisconsin,"  by 
Samuel  Weidman.] 

Am.  GeoL,  vol.  xxiv,  pp.  253-257, 1899. 

127  The  glacial  lake  of  Nashua  Valley. 

Abstracts:  Am.  Geol.,  vol.  xxiii,  pp.  102-103  (J  p.);  Science,  new  ser., 
vol.  ix,  p.  106  (J  p. ),  1899. 

128  Cross  (Whitman).     Telluride  folio,  Colorado. 

U.  S.  Geol.  Survey,  Geol.  Atlas  of  U.  S.,  folio  No.  57, 1899. 

Describes  the  general  physiography  and  geology  of  the  San  Juan  region, 
and  the  occurrence  and  character  of  the  Algonkian,  Juratrias,  Creta- 
ceous, Tertiary,  and  igneous  rocks  of  the  quadrangle  and  discusses  the 
geologic  history.  Includes  topographic  and  geologic  maps,  columnar 
sections,  and  special  illustrations. 

129  See  HiU  (R.  T.).     No.  313. 

180  Cuxnxnings  (Uriah).     American  cements. 

Rogers  and  Manson,  Boston,  299  pp.,  1898.  Review:  Jour,  of  Geo!., 
vol.  vii,  p.  627  (J  p.),  1899. 

131  Curtis  (G.  C.)  and  Woodworth  (J.  B.).     Nantucket,  a  morainal 

island. 

Jour,  of  Greol.,  vol.  vii,  pp.  226-236, 5  figs.,  1899. 

Describes  the  physiographic,  glacial,  and  general  geologic  features  of 
the  region. 

132  Cushixig  (H.  P.).     Augite-syenite  gneiss  near  Loon  Lake,  New 

York. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  177-192,  pis.  19-20, 1899.  Abstracts: 
Am.  Geol.,  vol.  xxiii,  pp.  106,  330-331;  Science,  new  ser.,  vol.  ix,  p. 
141,  1899. 

Describes  megascopic,  microscopic,  and  chemical  charac^ter  of  the 
gneiss  and  its  occurrence  in  the  petrographies  provinces.  Discusses 
sequence  of  eruptions  in  the  Adirondacks. 

133  Report  on  the  boundary   between   the  Potsdam  and  pre- 

Cambrian  rocks  of  the  Adirondacks  [New  York]. 

N.  Y.  Geol.  Surv.,  16th  Ann.  Rept.,  pp.  5-27, 1  pi.,  2  figs.  1899.    Review: 
Am.  Geol.,  vol.  xxiii,  p.  330, 1899. 
Describes  the  geologic  history  and  local  geologic  features  of  the  region. 

D. 

134  Dale  (T.  Nelson).     The  slate  belt  of  eastern  New  York  and  west- 

ern Vermont. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rept,  Pt.  Ill,  pp.  153-300,  pis.  xii-xli, 
figs.  7-16, 1899. 

Describes  the  physiography,  the  occurrence,  and  character  and  struc- 
ture of  the  Cambrian  and  Ordovician  beds,  the  chemical  composition  of 
the  slates,  and  the  economic  geology  of  the  region.  Inclades  a  biblioc^ 
raphy  of  the  subject 
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185  Dall  (Wni.  H.)    Synopsis  of  the  Recent  and  Tertiar)*^  Lrfeptonaoes 
of  North  America  and  the  West  Indies. 
U.  S.  Nat.  Mus.,  Proc,  voL  xxi,  pp.  873-S97,  pis.  Ixxxvii-lxxxviii,  1899. 

136  Daly  (R.  A.).     On  the  optical  characters  of  the  vertical  zone  of 

ampbiboles  and  pyroxenes;  and  on  a  new  method  of  deter- 
mining the  extinction  angles  of  these  minerals  by  means  of 

cleavage  planes. 
Am.  Acad.  Arte  and  8<ti.,  Proc,  vol.  xxxiv,  pp.  30^-323,  plj*.  i-iii,  1899. 

137  On  a  new  variety  of  hornblende. 

Am.  Acad.  Arte  and  S<;i.,  Proc,  vol.  xxxiv,  pp.  431—137, 1899. 

138  The  peneplain.     A  review. 

Am.  Nat.,  vol.  xxxiii,  pp.  127-138, 1899. 

Discusses  Professor  Tarr's  criticisms  of  the  peneplain  theory. 

139  Darton  (Nelson  Horatio).     Preliminary  report  on  the  geology  and 

water  resources  of  Nebraska  west  of  the  one  hundred  and 
third  meridian. 

U.  8.  Geol.  Surv.,  19th  Ann.  Kept,  Pt  IV,  pp.  719-785,  pis.  Ixxiv-cxviii, 
figs.  208-230, 1899. 

Describes  the  physiography,  the  character  and  occurrence  of  the 
Pleistocene,  Tertiary,  and  Cretaceous  strata  and  of  the  anderground 
waters. 

140  The  })ad  lands  of  South  Dakota. 

Nat.  Geog.  Mag.,  vol.  x,  pp.  31^9-343, 3  pis.,  1899. 

Describes  the  general  geologic  and  physiographic  features  of  the 
region. 

141 Fossil  fish  in  Jurassic  of  Black  Hills. 

Abstnutts:  Am.  (ieol.,  vol.  xxiii,  p.  93  (4  1.),  1899;  S<.'iemxj,  new  ser., 
vol.  ix,p.  103  (71.),  1899. 

14:1(1 Mesozoic  stratigraphy  in  southwestern  Black  Hills. 

Alwtractn:  Am.  Geol.,  vol.  xxiii,  p. 94  (i  p.),  1899;  Science,  new  ser., 
vol.  ix,  p.  103  a  i>.),1899. 

141/> Ridations  of  Tertiary  formations  in  western  Nebraska  region. 

Abstracts:  Am.  Geol.,  vol.  xxiii,  p.  94  (i  p.),  1899;  Science,  new  ser., 
vol.  ix,  p.  103  (5  1.),  1899. 

141<^? Shore  line  of  Tertiary  lakes  on  slope  of  the  Blac*'k  Hills. 

Abstracts:  Am.  Geol.,  vol.  xxiii,  p.  94  (9  L),  1899;  Science,  new  ser., 
vol.  ix,  p.  103  (8  l.),1899. 

142 Clarke  (F.  W.)  and.     Hydromica  from  New  Jersey. 

See  Clarke  (F.  W.)  and  Darton  (N.  H.),  No.  95. 

148  Davis  (II.  J.).     Modification   in   the   Jonathan  Creek   drainage 

biisin  [Ohio.] 

DeniHon  Univ.,  Sci.  Lab.  Bull.,  vol.  xi,  art.  viii,  pp.  163-165,  pis.  xxv- 
XX  vi,  1899. 
Deschbea  the  pVv'y«vo^T«i.v^\\v,  IvsaiMtwa  of  the  region. 
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144  Davis  (W.  M.).     The  peneplain." 

Am.  GeoL,  vol.  xxiii,  pp.  207-239,  pi.  vii,  1899. 
Discusses  evidences  bearing  on  the  existence  of  i)eueplain8. 

145  Davison  (*!.  M.).     Platinum  and  iridium  in  meteoric  iron. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  p.  4, 1899.    Review:  Am.  GeoL,  vol. 
xxiii,  p.  327  (9  1.),  1899. 

146  Da'wson  (George  M.).     Summary  report  of  the  Geological  Sur- 

vey department  [Canada]  for  the  year  1897. 

Can.  Geol  Surv.,  new  ser.,  vol.  x,  Rept.  A,  156  pp.  and  map,  1898. 

Contains  a  general  summary  of  the  operations  of  the  survey  and  of 
the  annual  reports  of  the  several  geologists. 

147  Summary  report  of  the  Geological  Survey  department  of 

[Canada]  for  the  year  1898. 

Can.  Geol.  Surv.,  208  pp.,  1899.     Review:  Am.  GeoL,  vol.  xxiii,  pp. 
384-385,1899. 

148  The  coaLs  of  the  Canadian  northwest  and  Rocky  Mountain 

region. 

The  Mineral  Industry  for  1898,  vol.  vii,  pp.  198-201,  189^). 
Describes  occurrence  and  distribution. 

149  A  remarkable  landslip  on  the  Riviere  Blanche,  Port  Neuf 

Co.,  Quebec. 

Abstracts:  Am.  GeoL,  vol.  23,  p.  103  (J  p.);  Science,  new  ser.,  voL  ix, 
p.  139  (9L),  1899. 

150  Duplication  of  geologic  formation  namen. 

Science,  new  ner.,  vol.  ix,  pp.  592-593, 1899. 
Discusses  use  of  the  name  Cache  Creel^  formation. 

151  Da'wson  (Sir  J.  William).     Note  on  an  echinoderm  collected  by 

Dr.  Ami  at  Bessrers,  Ottawa  River,  in   the   Pleistocene 
(Leda  clay). 

Ottawa  Nat.,  vol.  xiii,  pp.  201-202,  1899. 

Contains  notes  t>n  a  specimen  representing  a  spei^-ies  of  Hpatangus  or 
Brissus. 

152  Addendum  to  a  note  of  Nova  Scotia  Carboniferous  Entomos- 

traca  in  number  for  January,  1897. 
Can.  Rec  Sci.,  vol.  vii,  p.  396,  tig.  10,  1898. 
Gives  figure  of  Carbonia  rankiniana. 

158  Day  (David  T.).     Mineral  Resources  of  the  Antilles,  Hawaii,  and 
the  Philippines. 

Eng.  Mag.,  vol.  xvii,  pp.  242-251,  1899. 

Gives  a  general  account  of  the  mineral  resources  of  these  islands. 

154  Day  (William  C).     The  coal  and  pitch  coal  of  the  Newport  mine 
[Oregon]. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rept.,  Pt.  Ill,  pp.  370-576,  1899. 
Discuflsee  the  character  and  origin  of  certain  portions  ol  tVvQ»^^^RAk\^«^$s&. 
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155  Day  (William  C.)-     Se-<*.  Taff  (J.  A.).     No.  617. 

156  Dickhaut  (Henry  E.).     Collecting  fossils  in  the  Cincinnati  shales. 

Am.  (leol.,  vol.  xxiii,  pp.  335-336,  1899. 

Coutains  noteH  on  the  mMnirrence  of  foffiilfl  in  these  Hhalee  and  recom* 
iiiendationH  at^  to  the  best  part  of  the  year  to  cx»llect  foeedls  from  thi^ 
rt»gion. 

157  Diller  (Joseph  Silas).     The  Coos  Bay  coal  field,  Oregon. 

IT.  R.  Geol.  Biirv.,  19th  Ann.  Rept,  Pt  III,  pp.  309-376,  pis.  xliu-liv, 
figs.  17-76, 1899. 
,  Describes  the  t<)iN>graphie  and  geologic  features  of  the  m^on  and  the 

octmrrences  and  characrter  of  the  coals. 

158  Origin  of  Paleotrochis. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  3ii7-342,  1899.  Review:  Am. 
Oeol.,  vol.  xxiv,  p.  182  (J  p.),  1899. 

Describes  micTosc^opic  characters  of  the  material  and  origin  of  the 
Palet)trochi8  structure. 

159  Crater  Lake,  Oregon. 

Smith.  Inst.,  Ann.  Rept  for  1897,  pp.  369-379,  pis.  ii-xvi,  1898. 

160  Latest  volcanic  eruption  on  the  Pacific  coast 

Science,  new  ser.,  vol.  ix,  pp.  639-640,  1899. 

Describes  material  from  Mount  St.  Helens,  WaBhingix)n. 

161  The  educational  series  of  rock  specimens  collected  and  dis- 

tributed ))y  the  United  States  Geological  Survey. 

Abstract:  Am.  Geol.,  vol.  xxiii,  i)p.  61-62,1899. 

162  Domenech  (Manuel  Victor).     [Mineral  resources  of  Porto  Rico,] 

Mines  and  Minerals,  vol.  xix,  pp.  529-532,  1  fig.,  1899. 
Describes  oc^currence  of  gold,  silver,  copper,  and  iron. 

163  Donald  (J.  T.).     A  notable  Canadian  deposit  of  chromite. 

Can.  Min.  Ingt.,  Jour.,  vol.  ii,  pp.  25-27,  1899;  Can.  Min.  Rev.,  voL 
xviii,  pp.  40-41,  1899. 
Contains  notes  on  occurrence. 

164  Douglas  (James).     The  Copper  Queen  mine,  Arizona. 

Min.  and  Sci.  Press,  vol.  Ixxix,  pp.  432-433,  2  figs.,  1899. 

165  Douvill6  (M.  H.).     Sur  I'fige  des  couches  travers^es  par  le  canal 

dc  Panama. 
See.  G6ol  de  France,  Bull.,  3d  ser.,  vol.  xxvi,pp.  587-600,  1898. 

166  Eakle  (Arthur  S.).  Topaz  crystals  in  the  mineral  collection  of 

the  U.  S.  National  Museum. 

U.  S.  Nat.  Mus.  Proc,  vol.  xxi,  pp.  361-369,  22  figs.,  1899;  pubhshed 
in  1898. 

Describes  crystallographic  characters. 
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167  Eastanan  (C.  B.)-     Descriptions  of  new  species  of  Diplodus  teeth 

from  the  Devonian  of  northeastern  Illinois. 
Jour,  of  Geol.,  vol.  vii,  pp.  489-493,  pi.  vii,  1899. 
Describes  two  new  species  of  Diplodus. 

168  Eckel  (E.  C).     Intrusiyes  in  the  Inwood  limestone  of  Manhattan 

Island. 

Am.  Geol.,  vol.  xxiii,  pp.  122-124,  pi.  iii,  1899. 

Describes  the  relations  of  the  formations  and  the  character  anil  o<»c*ur- 
rence  of  the  intrusives. 

169  Ehrenfeld  (Frederick).     A  study  of  the  igneous  rocks  at  York 

Haven  and   Stony  Brook,  Pa.,  and  their  accompanying 

formations. 

Thesis  presented  to  the  faculty  of  the  department  of  philosophy  of. 
the  University  of  Pennsylvania,  24  pp.,  1  pi.,  1898.     (Not  seen.) 


170  Eldridge  (George  H.).     The  extreme  southeastern  coast.     The 

coast  from  Lynn  Canal  to  Prince  William  Sound  [Alaska]. 

U.  S.  Geol.  Surv.,  Expl.  in  Alaska,  pp.  101-104,  1899. 
Describes  occurrence  of  gold  and  coal  in  the  region. 

171  The  Sushitna  drainage  area  [Alaska]. 

U.  S.  Geol.  Surv.,  Expl.  in  Alaska,  pp.  111-112,  1899. 
Describes  general  physiographic  and  geologic  features. 

172  and  Muldro^^  (Robert).     Report  of  the  Sushitna  expedition 

[Alaska]. 
U.  S.  Geol.  Surv.,  Expl.  in  Alaska,  pp.  15-27,  1899. 
Descril)e8  the  physiography,  the  character  and  occurrence  of  the  gran- 
ite and  sedimentary  formations,  and  the  geologic  structure  and  mineral 
resources  of  the  region. 

173  Elftman  (Arthur  H.).     Preliminary  report  of  field  work  during 

the  summer  1895. 
Minn.  Geol.  and  Nat.  Hist.  Surv.,  24th  Ann.  Kept.,  pp.  148-149, 1899. 
Brief  notes  on  the  occurrence  of  anorthosytes. 

174  List  of  rock  samples  collected  in  northeastern  Minnesota  in 

1895,  1896,  and  1897  (prepared  by  U.  S.  Grant). 
Minn.  Geol.  and  Nat.  Hist.  Surv.,  24th  Ann.  Rept.,  pp.  150-170,  1899. 

175  Ells  (R.  W.).     Problems  in  Quebec  geology. 

Can.  Rec.  Sci.,  vol.  vii,  pp.  480-602,  1898. 

Gives  a  general  review  of  the  publications  on  Quebec  geology  and  dis- 
cusses the  problems  involved. 

176  Emerson  (B.  K.).     The  geology  of  eastern  Berkshire  County, 

Massachusetts. 

TJ.  S.  Geol.  Surv.,  Bull.  No.  159,  139  pp.,  9  pis.,  16  figs.,  1899. 

Describes  the  occurrence,  character,  and  structure  of  the  pre-Cam- 
brian,  Cambrian,  Silurian,  Glacial,  and  post-Glacial  deposits,  and  gives 
an  account  of  the  mineral  resources  and  a  mineral  lexicon  and  bibliog- 
raphy of  the  region. 
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177  Emerson  (B.  K.).     Differences  of  batholitic  granites,  according 

to  depth  of  erosion. 
Abstracts:  Am.  Greol.,  vol.  xxiii,  pp.  104-105;  Science,  new  ser.,  vol. 

ix,  p.  140  (ip.),  1899. 

178  Emmons  (S.  F.).     Plutonic  plugs  aild  subtuberant  mountains. 

Abstract:  Science,  new  ser.,  vol.  x,  pp.  24-25,  1899. 

P. 

179  Fairbanks  (Harold  W.).  Sonoie  notes  on  the  petroleum  deposits 

of  California. 

Min.  and  Sci.  Press,  vol.  Ixxviii,  p.  533,  1899. 
Discusses  occurrence  and  origin. 

180  Fairchild  (Herman  Le  Roy).     Glacial  waters  in  the  Finger  Lakes 

region  of  New  York. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  27-68,  pis.  iii-ix,  1899. 

Describes  the  glacial  lakes  that  occupied  the  various  valleys  of  the 
region. 

181  Glacial  Lakes  Newl>erry,  Warren,  and  Dana,  in  central  New 

York. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  249-263,  1  fig.,  pi.  vi,  1899. 
Describes  general  character,  extent,  and  shore  lines  and  elevations  of 
the  glacial  lakes. 


182  Faribault  (E.  R.).  On  the  gold  measures  of  Nova  Scotia,  and  deep 

mining.  • 

Can.  Min.  Inst.,  Jour.,  vol.  ii,  pp.  119-129;  Can.  Min.  Rev.,  vol.  xviii, 
p.  78,  1899. 

Describes  geologic  structure  and  occurrence  of  gold  in  the  region. 

183  Farrington  (Oliver  C).     A  fossil  egg  from  South  Dakota. 

Field  Col.  Mus.,  Geol.  ser.,  vol.  i.  No.  5,  pp.  192-200,  pis.  xx-xxi,  figs. 

1-2, 1899. 


184  Finch  (J.  W.).    [Review  of  '*  Iowa  Geological  Survey,  Ann.  Rept. 

1898,  vol.  ix."] 
Jour,  of  Geol.,  vol.  vii,  pp.  517-521, 1899. 

185  Fleming  (Mary  A.).     The  potholes  of  Fosters  Flats  (now  called 

Niagara  (xlen)  on  the  Niagara  River. 

A])fltract«:  Am.  Assoc.  Adv.  Sci.,  Proc.,  vol.  xlviii,  pp.  226-227  (i  p.); 
S(!ience,  new  ser.,  vol.  x,  p.  489  (i  p.  )>  1899. 

186  Foerste  (August  F.).     Age  and  development  of  the  Cincinnati 

anticline. 
Abstract:  Science,  new  ser.,  vol.  x,  p.  488  (i  p.),  1899. 

187 Shaler  (N.  S.),  Woodworth  (J.  B.),  and.     Geology  of  the 

Narragansett  Basin. 
See  Shaler  (^'N .  ^."j  ,^  o^A^wotVVv  (,J  ,  B ^ ,  and  Foerste  ( A.  F. ) ,  No.  582. 
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188  Fontaine  (W.  M.).     Notes  on  Lower  Cretaceous  plants  from  the 

Hay  Creek  coal  field,  Crook  County,  Wyoming. 

.  U.  8.  GeoL  Surv.,  19th  Ann.  Rept,  Pt  II,  pp.  645-702,  pie.  clx-clxix, 
1899. 
Describes  the  section  of  the  coal  beds  and  the  fossils  collected. 

189  See  Ward  (L.  F.),  No.  690. 

190  Foote  (H.  W.),  Fenfield  (S.  L.)  and.     Chemical  composition  of 

tourmaline. 
See  Penfield  (8.  L.)  and  Foote  (H.  W),  No.  520. 

191  Foote  (Warren  M.).     Note  on  a  new  meteoric  iron  found  near 

the  Tombigbee  River,  in  Choctaw  and  Sumter  counties, 
Alabama. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  153-156,  pis.  ii-iii,  1899.  Review: 
Am.  GeoL,  vol.  xxiv,  p.  319  (8  1.),  1899. 

Describes  the  occurrence  and  physical  and  chemical  characters  of  the 
material. 

192  Note  on  a  new  meteoric  iron  found  near  Iredell„  Bosque 

County,  Texas,  U.S.  A. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  415-416, 1899. 
Describes  occurrence  and  chemical  character  of  the  material. 

193  Forsyth  (A.),  O'Harra  (C.  C.)  and.     Notes  on  the  geology  and 

mineral  deposits  of  a  portion  of  the  southern  Black  Hills. 
See  O'Harra  (C. C.)  and  Forsyth  (A.),  No. 502. 

194  Fcwler  (S.  S.).     Notes  on  the  Ymir  mine  and  its  mill  practice 

[British  Columbia]. 
Min.  and  Sci.  Press,  vol.  Ixxix,  p.  517, 1899. 
Describes  geolo^c  features  and  occurrence  of  gold  and  silver  ores. 

195  Fuller  (Myron  L.).     Season  and  time  elements  in  sand-plain  for- 

mation. 

Jour,  of  GeoL,  vol.  vii,  pp.  452-462, 1  fig.,  1899. 
Discusses  origin  of  certain  glacial  deposits. 

196  Notes  on  an  unusual  orientation  of  phenocrysts  in  a  dike. 

Tech.  Quart.,  vol.  xii,  pp.  175-179, 2  figs.,  1899. 
Describes  phenocrysts  of  a  porphyritic  granite. 

197  The  occurrence  and  uses  of  mica. 

Stone,  vol.  xix,  pp.  530-532,  1899. 

198  [Review  of  "  Mineralogical  notes,  analyses  of  tysonite,  bast- 

nasite,  prosopite,  jeffersonite,  covellite,"  etc.,  by  W.  F. 
Hillebrand.] 
Am.  Geol.,  vol.  xxiu,  pp.  324-325  (J  p. ),  1899. 

Bull.  172 3 
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199  Fuller  (Myron  L.).     [Review  of  "  On  the  chemical  composition  of 

tourmaline,"  by  S.  L.  Penfield  and  H.  W.  Foote.] 

Am.  Geol.|  vol.  xxiii,  p.  325  (i  p.  )>  l^^* 

200  [Review  of  ''On  dikes  of  felsophyre  and  basalt  in  Paleozoic 

rocks  in  central  Appalachian  Virginia,"  by  N.  H.  Darton, 
and  "Notes  on  the  petrography,"  by  Arthur  Keith.] 
Am.  Geol.,  vol.  xxiii,  p.  327  (61.),  1899. 

201  [Review  of  "Platinum  and  iridium  in  meteoric  iron,"  by  J. 

M.  Davison.] 

Am.  Geol.,  vol.  xxiii,  p.  327,  (9  1. ),  1899. 

202  — —  [Review  of  "Causes  of  variation  in  composition  of  igneous 

rocks,"  by  T.  L.  Walker.] 
Am.  Geol.,  vol.  xxiii,  pp.  327-328,  ( J  p. ),  1899. 

203  [Review  of  "On  the  associated  minerals  of  rhodolite,"  by 

W.  E.  Hidden  and  J.  H.  Pratt] 

Am.  Geol.,  vol.  xxiii,  p.  328  (51.),  1899. 

204  [Review  of  "  The  alkaline  reaction  of  some  natural  silicates,"' 

by  F.  W.  Clarke.] 

Am.  Geol.,  vol.  xxiii,  p.  328  (71.),  1899. 

206  [Review  of  "Petroleum  inclusions  in  quartz  crystals,"  by 

Chas.  L.  Reese.] 

Am.  Geol.,  vol.  xxiii,  p.  328  (3  1. ),  1899. 

206  [Review  of  "Mineral  resources  of   Cuba,"   by  Raimundo 

Cabrera.] 

Am. Geol.,  vol.  xxiii,  p.  328  (31.),  1899. 

See  Bibliography  and  Index  for  1899,  No.  117. 

207  [Review  of  "The  slate  region  of  Pennsylvania,"  by  Mans- 

field Merriam.] 

Am.  Geol.,  vol.  xxiii,  p.  328  (5  1.),  1899. 

208  [Review  of  "On  the phenocrysts  of  intrusive  igneous  rocks," 

by  L.  V.  Pirsson;  "On  the  occurrence,  origin,  and  chem- 
ical composition  of  chromite,"  by  J.  H.  Pratt;  "Some 
rock-forming  biotitcs  and  amphiboles,"  by  H.  W.  Turner; 
"On  the  occurrence  of  Paleotrochis  in  volcanic  rocks  in 
Mexico,"  by  H.  S.  WiUiams;  "Origin  of  Paleotrochis,"  by 
J.  S.  Diller;  "  Goldschmidtite,  a  new  mineral,"  by  W.  H. 
Hobbs;  and  "  On  a  hydromica  from  New  Jersey,"  by  F.  W. 
Clarke  and  N.  H.  Darton.] 

Am.  Geol.,  vol.  xxiv,  pp.  180-182, 1899. 
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209  Fuller  (Myron  L.).    [Review  of  ''Analysis  and  composition  of  ros- 

coelite,"  by  W.  F.  Hillebrand;  "Chemical composition  of  ros- 
coelite,"  by  F.  W.  Clarke;  "The  occurrence  of  roscoelite," 
by  H.  W.  Turner;  "On  the  chemical  composition  of  pari- 
site  and  a  new  occurrence  of  it  in  Ravalli  County,  Mont," 
by  S.  L.  Penfield  and  C.  H.  Warren;  "  The  constitution  of 
tourmaline,"  by  F.  W.  Clarke;  "Note  on  a  new  meteoric 
iron  found  near  Tombigbee  River  in  Choctaw  and  Sumter 
counties,  Alabama,  U.  S.  A.,"  by  Warren  M.  Foote;  "An 
Albertite-like  asphalt  in  the  Choctaw  Nation,  Indian  Terri- 
tory," by  J.  A.  Taff;  "On  the  separation  of  alumina  from 
molten  magmas  and  the  formation  of  corundum,"  by  J.  H. 
Pratt;  "Experiments  relative  to  the  constitution  of  pecto- 
lite,  pyrophillite,  calamine,  and  analcite,"  by  F.  W.  Clarke 
and  George  Steiger;  "The  mineralogical  structure  and 
chemical  composition  of  the  trap  of  Rocky  Hill,  N.  J.,"  by 
A.  n.  Phillips;  "Mineralogical notes ;melonite,coloradoite, 
petzite,  hessite,"  by  W.  F.  Hillebrand.] 

Am.  GeoL,  vol.  xxiv,  pp.  317-321, 1899. 

210  Fulton  (R.  L.).     Nevada  sulphur  deposits. 

Eng.  and  Min.  Jour.,  vol.  Ixviii,  p.  64  ( J  p. ),  1899. 
Briefly  describea  occurrence  and  character. 

211  Fnltz  (Francis  M.).     The  Burlington  artesian  well  [Iowa]. 

Iowa  Acad.  Sci.,  Proc,  vol.  vi,  pp.  70-74, 1899. 
Gives  section  of  well  to  a  depth  of  2,430  feet 

212  Qallaher  (John  A.).     Bureau  of  geology  and  mines. 

Missouri,  Biennial  Rept.  1898, 68  pp. 
Describes  general  geologic  features  of  the  State. 

213  Gkumett  (Henry).     A  dictionary'  of  altitudes  in  the  United  States. 

(Third  edition). 

U.  S.  Geol.  Surv.,  Bull.,  No.  160, 775  pp.  1899. 

214  Grassaway  (A.  D.).     The  Magalia,  Cal.,. drift  mine. 

Min.  and  Sci.  Press,  vol.  Ixxviii, pp. 372^73  (3  figs.), 400-401  (3  figs.), 
1899. 

215  G^eraland  (George).     Modern  studies  of  earthquakes. 

Pop.  Sci.  Mo.,  vol.  liv,  pp.  362-371, 1899. 


216  GKbson  (T.  W.).     The  corundum  deposits  of  Ontario. 

Eng.  and  Min.  Jour.,  vol.  Ixvii,  p.  500, 1899. 
Describes  general  character  and  occurrence. 
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217  GHlbert  (Grove  Karl).     Glacial  sculpture  in  western  New  York- 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  121-130, 1899.   Abstaracts:  Am.  GreoL, 
vol.  xxiii,  p.  103  (81.);  Science,  new  ser.,  vol.  ix,  p.  143  (i  p.  )>  1899. 
Describes  sculpture  of  the  Niagara,  Clinton,  and  Medina  strata. 

218  Dislocation  at  Thirtymile  point,  New  York. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  131-134,  pi.  xii,  2  figs.,  1899. 
Describes  overturned  fold  in  Medina  formation  and  discusses  origin  of 
the  structure. 

219  Ripple  marks  and  cross  bedding. 

Geol.  Soc.  Am. ,  Bull. ,  vol.  x,  pp.  135-140,  pi.  xiii,  5  figs.  ,1899.  Abstrads: 
Am.  Geol.,  vol.  xxiii,  p.  102  (}  p. ) »  Science,  new  ser.,  vol.  ix,  p.  138  ( i  p. ), 
1899. 

Describes  occurrence  in  the  Medina  formation. 

220 [Review  of  ''The  great  ice  dams  of  Lakes  Maumee,  Whit- 

tlesly,  and  Warren,"  by  F.  B.  Taylor.] 
Jour,  of  Geol.,  vol.  vii,  pp.  621-623, 1899. 

221  Recent  earth  movement  in  the  Great  Lakes  region. 

Abstracts:  Am.  Geol.,  vol.  xxiii,  pp.  126-127;  Am.  Jour.  Sci.,4th  ser., 
vol.  vii,  pp.  239-241, 1899. 
See  Bibliography  and  Index  for  1898,  No.  289. 

222  GHrty  (George  H.).     Preliminary  report  on  Paleozoic  invertebrate 

fossils  from  the  region  of  the  McAlester  coal  field,  Indian 
Territory. 

U.  S.  Geol.  Surv.,  19th  Ann.  Kept,  Ft.  Ill,  pp.  539-593,  pis,  Ixix-lxxii, 
1899. 

Describes  the  occurrence  of  the  fossils  and  the  relations  of  the  beds 
in  which  they  occur,  and  the  general  characteristics  of  the  Lower  Helder- 
berg,  Niagara,  and  Ordovician  faunas.  Discusses  their  relations  to  other 
faunas  and  describes  the  characters  of  the  species  collected. 

223  Devonian  and  Carboniferous  fossils.     [Yellowstone  National 

Park.] 
U.  S.  Geol.  Surv.,  Mon.  XXXII,  Pt  II,  pp.  479-^599,  pis.  Ixvi-lxxi,  1899. 
Discusses  the  relations  of  the  faunas  and  describes  the  fossils  collected. 

224  Ghlenn  (L.  C).     The  Hatteras  axis  in  Triassic  and  Miocene  time. 

Am.  Geol.,  vol.  xxiii,  pp.  375-379, 1899. 

Describes  the  difference  in  Triassic  sedimentation  in  North  Carolina 
and  in  the  Middle  and  North  Atlantic  States,  and  the  occurrence  of  a 
land  area  in  the  Carolina  region  in  early  Miocene  time. 

225  G-oode  (John  Paul).     The  piracy  of  the  Yellowstone. 

Jour,  of  Greol.,  vol.  vii,  pp.  261-271, 5  figs.,  1899. 

Describes  the  post-glacial  history  and  drainage  of  the  Upper  Yellow- 
stone Valley. 

226  [Review  of  "Physical  geography  of  New  Jersey,"  by  R  D. 

Salisbury.] 

Jour,  of  Geol.,  vol.  vii,  pp.  314-316, 1899. 
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227  Q-orby  (S.  S.).     The  onyx  deposits  of  Barren  County,  Kentucky. 

Eng.  and  Min.  Jour.,  vol.  Ixvii,  pp.  707-708, 2  figs.,  1899. 
Describes  character  and  occurrence  of  the  deposits. 

228  Gk>uld  (C.  N.).     On  the  finding  of  fossil  insects  in  the  Comanche 

Cretaceous  of  Kansas. 

Kan.  Acad.  Sci.  Trans.,  vol.  xvi,  p.  284, 1899. 

229  G-rabau  (Amadeus  W.).     The  paleontology  of  the  Eighteen  Mile 

Creek  and  the  Lake  Shore  sections  of  Erie  County,  New 
York. 

Buffalo  8oc.  of  Nat.  Sci.,  Bull.,  vol.  vi,  pp.  93-403, 283  figs.,  1899. 

Discusses  the  elements  of  paleontology  and  describes  the  genera  and 
species  of  fossils  collected  from  the  Devonian  strata  of  the  region. 
Includes  bibliography  and  a  discussion  of  the  relation  of  marine  bionomy 
to  stratigraphy. 

230  The  faunas  of  the  Hamilton  group  of  Eighteen-mile  Creek 

and  vicinity,  in  western  New  York. 

N.  Y.  Geol.  Surv.,  16th  Ann.  Kept,  pp.  227-340, 5  pis.,  6  figs.,  1899. 
Describes  the  stratigraphic  features  and  the  vertical  distribution  of 
the  fossils  of  the  Hamilton  group  of  the  region. 

231  Moniloporidse,  a  new  family  of  Paleozoic  corals. 

Bost.  Soc.  Nat.  Hist,  Proc.,  vol.  xxviii,  pp.  409-424, 4  pis.,  1899. 

232  Some  modem  stratigraphic  problems. 

Abstract:  Science,  vol.  x,  p.  85  ( J  p. )» 1899. 

233  Grant  (C.  C).     Geological  notes. 

Hamilton  Assoc.,  Proc.  and  Trans.,  No.  xv,  pp.  48-64, 1899. 
Contains  notes  on  the  Silurian  strata  and  fossils  in  the  vicinity  of 
Hamilton,  Ontario. 

234  Ghrant  (U.  S.).     The  geology  of  Cook  County  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist  Surv.,  Final  Kept,  vol.  iv,  pp.  313-345,  pi. 
Ixix,  HH-KK,  1899. 

Describes  the  physiography  and  occurrence  of  the  Archean  and  Cam- 
brian rocks  and  glacial  history  and  deposits  of  the  region. 

236  The  geology  of  the  Pokegama  Lake  plate  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist  Surv.,  Final  Rept,  vol.  iv,  pp.  346-349,  pi. 
ixx,  1899. 

Describes  character  and  occurrence  of  the  Cambrian  strata  of  the 
region. 

236  The  geology  of  the  Grand  Rapids  plate  [Minnesota]. 

Mmn.  Geol.  and  Nat.  Hist.  Surv.,  Final  Rept,  vol.  iv,  pp.  35C-354, 
pi.  Ixxi,  1899. 

Describes  the  character  and  occurrence  of  the  granites  and  the  Cam- 
brian sediments  of  the  region. 
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237  Grant  (U.  S.).   The  geology  of  the  Swan  Lake  plate  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist.  Surv.,  Final  Kept,  vol.  iv,  pp.  35&-357, 
pi.  Ixxii,  1899. 

Describee  briefly  the  occurrence  of  granitic  rocks  and  Gambmo 
deposits. 

238  The  geology  of  the  Grabbro  Lake  plate  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist.  Surv.,  Final  Kept.,  vol.  iv,  pp.  399-419, 
pi.  Ixxxviii,  and  MM  and  PP,  1899. 

Describes  the  character  and  occurrence  of  the  Archean  and  Cambrian 
rocks. 

239  The  geology  of  the  Snowbank  Lake  plate  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist  Surv.,  Final  Kept,  vol.  iv,  pp.  420-433, 
pl.  Ixxix,  1899. 
Describes  drift  deposits  and  Archean  rocks  of  the  region. 

240  The  geology  of  the  Fraser  Lake  plate  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist.  Surv.,  Final  Kept,  vol.  iv,  pp.  434-461, 
pis.  Ixxx  and  LL,  figs.  78-79,  1899. 

Describes  the  topography  and  the  occurrence  and  character  of  the 
Archean  and  Cambrian  rocks. 

241  The  geology  of  the  Akeley  Lake  plate  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist  Surv.,  Final  Rept,  vol.  iv,  pp.  402-480,  pl. 
Ixxxi,  figs.  80-87,  1899. 

Describes  the  physiography,  the  character  and  occurrence  of  the 
Cambrian  and  Archean  rocks  and  occurrence  of  iron  ores. 

242  The  geology  of  the  Gunflint  Lake  plate  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist.  8un%,  Final  Rept.,  vol.  iv,  pp.  481-490, 
pl.  Ixxxii,  NN,  figH.  88,89,  1899. 
Describes  character  and  occurrence  of  the  Cambrian  rocks. 

243  The  geology  of  the  Rove  Lake  plate  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist.  Surv.,  Final  Rept,  vol.  iv,  pp.  491-495, 
pl.  Ixxxiii,  1899. 
Descriljes  character  and  occurrence  of  the  Cambrian  rocks. 

244  The  geology  of  the  Mountain  Lake  plate  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist.  Surv.,  Final  Rept,  vol.  iv,  pp.  496-501, 
1)1.  Ixxxiv,  fig.  90,  1899. 

Descriljes  character  and  occurrence  of  the  Cambrian  rocks  and  occur- 
rence of  silver. 

245  Record  of  geological  field  work  in  northern  Minnesota,  1892 

to  1808. 
Minn.  Geol.  and  Nat  Hist  Surv.,  24th  Ann.  Rept,  pp.  85-144, 1899. 

246  List  of  rock  samples  collected  in  northeastern  Minnesota  in 

1898. 
Minn.  Geol.  and  Nat.  Hist  8urv.,  24th  Ann.  Rept,  pp.  145-147, 1899. 
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247  Ghrant  (U.  S.).     The  geology  of  Itasca  County  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist.  Surv.,  Final  Rept.,  vol.  iv,  pp.  166-192, 
pi.  Ixv,  1899. 

Describes  the  physiographic  features  and  the  character  and  occurrence 
of  Archean  rocks  and  Cretaceous  and  glacial  deposits. 

248  [Review  of  ^'The  educational  series  of  rock  specimens  col- 

lected and  distributed  by  the  United  States  Geological 
Survey,"  by  J.  S.  Diller.] 

Am.  Greol.,  vol.  xxiii,  pp.  61-62, 1899. 

249  [Review  of  "Recent  earth  movement  in  the  Great  Lakes 

region,"  by  G.  K.  Gilbert.] 

Am.  Geol.,  vol.  xxiii,  pp.  126-127,  1899. 

260  [Review  of  "Geology  of  Lake  Placid  region,"  by  J.  F. 

Kemp.] 

Am.  Geol.,  vol.  xxiii,  p.  196  (t  p.) » 1899. 

251  [Review  of  "The  hardy stonite,  a  new  calcium  zinc  silicate 

from  Franklin  Furnace,  New  Jersey,"  by  J.  E.  Wolff.] 

Am.  Geol.,  vol.  xxiii,  p.  329  (J  p. )» 1899. 

252  [Review  of  "Mineral  resources  of  Kansas,  1898,"  by  Eras- 

mus Haworth;  and  "The  Crystal  Falls  iron-bearing  district 
of  Michigan,"  by  J.  M.  Clements  and  H.  L.  Smyth;  with  a 
chapter  on  the  Sturgeon  River  tongue,  by  W.  S.  Bay  ley, 
and  an  introduction  by  C.  R.  Van  Hise.] 
Am.  Geol.,  vol.  xxiv,  pp.  305  and  308-311,  1899. 

253  A  possible  driftless  area  in  northeastern  Minnesota. 

Am.  Geol.,  vol.  xxiv,  pp.  377-381,  1899. 

Describes  the  geologic  features  of  the  region  and  diBcusBee  the  evidence 
bearing  on  the  occurrence  of  a  nonglaciated  area. 

264 See  Elftman  (A.  H.),  No.  174. 

255  Winchell  (H.  V.)  and.     Preliminary  report  on  the  Rainy 

Lake  gold  region  [Minnesota]. 
(See  Wmchell  (H.  V.)  and  Grant  (U.  8.),  No.  780.) 

256  Qratacap  (L.  P.).     Notes  on  the  limonite  beds  on  Ocean  terrace 

[Staten  Island,  New  York]. 
Staten  Island  Nat  Sci.  Abboc,  Proc.,  vol.  vii.  No.  12,  2  pp.,  1899. 
Notes  on  occurrence  of  limonite. 

257  The  Comstock  lode  [Nevada]. 

Sci.  Am.  Suppl.,  vol.  xlviii,  pp.  19925-19926,  1  fig.,  1899. 

258  A  plea  for  the  popular  exposition  of  lithology  for  museum 

purposes. 

Am.  GeoL,  vol.  xxiii,  pp.  281-2a7,  \«9ft. 
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259  Ghreene  (G.  K.).     Contributions  to  Indiana  Paleontology,  Pts.  II 

and  in. 

Ewing  and  Zeller,  New  Albany,  Ind.,  pp.  S-26,  pis.  4-9, 1899.  (Not 
Been.) 

260  Ghregory  (H.  E.).     Andesite  of  the  Aioostook  volcanic  area  of 

Maine. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  359-369,  1899. 

261  Ghresley  (W.  S.)-     Side  light  upon  coal  formation. 

Am.  Geol.,vol.  xxiii,  pp.  69-80,  pi.  ii,  1899. 

Deecribes  certain  features  of  cool  veins  and  associated  strata  and  dis- 
cusses their  bearing  on  the  origin  of  ooaL 

262  Possible  new  coal  plants  in  coal. 

Am.  Geol.,  vol.  xxiv,  pp.  199-204,  pis.  vii-x,  1899. 
Describes  structure  resembling  plants. 

268  GMnnell  (George  Bird).    The  glaciers  in  Montana. 

Sci.  Am.  Suppl.,  vol.  zlviii,  p.  19854,  1899. 
Describes  existing  glaciers. 

264  Ghilliver  (F.  P.).     Shoreline  topography. 

Am.  Acad.  Arts  and  Sci.,  Proc.,  vol.  xxxiv,  pp.  149-2&8,  figs.  1-32, 
1899.     Review:  Jour,  of  Geol.,  vol.  vii,  pp.  827-829,  1899. 

Describes  the  successive  stage  of  development  of  shore  lines  as  influ- 
enced by  uplift  and  depreesion. 

265  Classification  of  coastal  forms. 

Abstract:  Geol.  Soc.  Am.,  Bull.,  vol.  x,  p.  18, 1899. 
See  Bibliography  and  Indfex  for  1898,  No.  322. 

266  Note  on  monadnocks. 

Abstract:  Geol.  Soc.  Am.,  Bull.,  vol.  x,  p.  19  (8  1.),  1899. 

267  Thames  River  in  Connecticut. 

Abstracts:  Am.  Geol.,  vol.  xxiii,  p.  104  (J  p.);  Science,  new  ser.,  voL 
ix,  p.  144,  1899. 

H. 

268  Hague  (Arnold).     Absaroka  folio,  Wyoming. 

V.  S.  Geol.  Surv.,  Geologic  Atlas  of  U.  S.,  folio  No.  52,  1899. 

Describes  the  topographic  features,  the  character  and  occurrence  of  the 
Archean,  Cambrian,  Silurian,  Devonian,  Carboniferous,  Cretaceous,  and 
volcanic  rocks  of  the  Crandall  and  Ishawooa  quadrangles.  Includes 
topographic  and  geologic  maps  and  colunmar  sections. 

269  Descriptive  geology  of  Huckleberry  Mountain  and  Big  Game 

Ridge  [Yellowstone  National  Park]. 

U.  S.  Geol.  Surv.,  Mon.  XXXII,  Pt  II,  pp.  165-202,  pis.  xxiv-xxv, 
1899. 

Describes  the  general  physiographic  and  geologic  features  of  the 
region. 
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270  Hague  (Arnold).   Early  Tertiary  volcanoes  of  the  Abcaroka  Range. 

Wash.  Geol.  Soc.,  Presidential  Address,  pp.  25,  pis.  i-iii;  Science, 
new  ser.,  vol.  ix,  pp.  425-442,  1899. 
Describes  the  character  and  occurrence  of  the  volcanics. 

271  [A  geological  relief  map  of  the  Yellowstone  National  Park 

and  of  the  Absaroka  Range.] 

Abstract:  Science,  new  ser.,  vol.  ix,  p.  454  ( J  p. )  1899. 

272  Hall  (Christopher  Webber).    The  gneisses,  gabbro-schists,  and 

associated  rocks  of  southwestern  Minnesota. 

U.  8.  Geol.  Surv.,  Bull.,  No.  157, 160  pp.,  27  pis.,  7  figs.,  1899. 
Describes  the  occurrence,  distribution,  and  petrographic  characters  of 
the  rocks. 

273  [Extent  and  distribution  of  the  Archaean  in  Minnesota.] 

Abstract:  Science,  new  ser.,  vol.  ix,  pp.  412-413, 1899. 

274 andSarde8on(F.W.).     Ik)lian  deposits  of  eastern  Minnesota. 

Geol.  Soc.  Am. ,  Bull. ,  vol.  x,  pp.  349-360,  pis.  xxxiii-xxxiv.  Abstracts: 
Am.  GreoL,  vol.  xxiii,  p.  103  (8  1. ) ;  Science,  new  ser.,  vol.  ix,  p.  143  (J  p. ), 
1899. 

Describes  the  character,  occurrence,  and  origin  of  the  loess  formation 
and  dune  sands. 

275  Hall  (James)  and  Clarke  (John  M.).    A  memoir  on  the  Paleozoic 

reticulate  sponges  constituting  the  family  Dictyospongidse. 

N.  Y.  State  Mus.,  Memoir  ii,  pp.  350,  pis.  i-lxx,  figs.  1-45,  1898. 
Reviews:  Jour,  of  Geol.,  vol.  vii,  pp.  717-718;  Am.  Geol.,  vol.  xxiv,  pp. 
304-305, 1899. 

Includes  general  observations  on  sponges,  the  structure,  variations, 
and  occurrence  of  Dictyospongidfie,  and  description  of  the  genera  and 
species.    Includes  a  bibliography. 

276 A  memoir  on  the  Paleozoic  reticulate  sponges  consti- 
tuting the  family  Dictyospongidse.     Part  I. 

N.  Y.  Geol.  Surv.,  15th  Ann.  Kept,  vol.  ii,  pp.  753-890, 47  pis.,  17  figs., 
1898. 

277 A  memoir  on  the  Paleozoic  reticulate  sponges  consti- 
tuting the  family  Dictyospongidse.     Part  II. 

N.  Y.  Geol.  Surv.,  16th  Ann.  Kept,  pp.  343-389,  pis.  xlviii-lxx,  figs. 
18-45, 1899. 

278  Hamilton  (S.  Herbert).     Monazite  in  Delaware  County,  Pa. 

Phil.  Acad.  Nat.  Sci.,  Proc.,  1899,  pp.  377-378. 
Describes  occurrence  and  crystallographic  characters. 

279  Harris  (Gilbert  D.).     Natchitoches  area  [Louisiana]. 

La.  State  Exp.  Stat.,  Part  V,  pp.  142-148,  pis.  xii-xiii,  1899. 
Describes   the   physiography  and  occurrence  of   Lower  Claiborne 
deposits. 

280 The  Cretaceous  and  Lower  Eocene  faunas  of  Louisiana. 

La.  State  Exp.  Stat,  Part  V,  pp.  289-309,  pis.  xlix-lv,  1899. 
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281  Harris  (Gilbert  D.).    The  Lignitic  stage,  Part  II.    Scaphopoda, 

Grastropoda,  Pteropoda,  and  Cephalopoda. 

Am.  Pal.,  Bull.,  No.  2,  pp.  128, 12  pis.,  1899. 

282  and  Veatch  (A.  C).     Historical  review  [of  geological  liter- 

ature of  Louisiana]. 

La.  State  Exp.  Stat.,  Part  V,  pp.  11-44, 1899. 

283 General  geology  [of  Louisiana]. 

La.  State  Exp.  Stat.,  Part  V,  pp.  52-138,  pis.  i-x,  figs.  2-4, 1899. 

Describes  the  character,  occurrence,  and  distribution  of  the  Cretaceous, 
Tertiary,  and  Pleistocene  subdivisions,  and  the  occurrence  of  economic 
products.    Includes  geologic  map  of  the  State. 

284  Harrison  (J.  B.)  and  Jukes-Browne  (A.  J.).    The  oceanic  deposits 

of  Trinidad  [British  West  Indies]. 
London  Geol.  Soc.,  Quart.  Jour.,  vol.  Iv,  pp.  177-189, 1899. 
Describes  succession  and  relations  of  the  Naparima  marls. 

285  Ha\i7orth  (Erasmus).     Mineral  resourc^^  of  Kansas,  1898. 

Review:  Am.  Geol.,  vol.  xxiv,  p.  305  ( J  p.)»  1899. 

286  Hay  (O.  P.)    On  some  changes  in  the  names,  generic  and  specific, 

of  certain  fossil  fishes. 
Am.  Nat,  vol.  xxxiii,  pp.  783-792, 1899. 

287  Descriptions  of  two  new  species  of  tortoise  from  the  Terti- 

ary of  the  United  States. 

U.  S.  Nat.  Mus.,  Proc,  vol.  xxii,  pp.  21-24,  pis.  iv-vi,  1899. 

288  On  one  little  known  and  one  hitherto  unknown  species  of 

Saurocephalus. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  299-304, 5  figs.,  1899. 

Discussea  charai^ter  of  certain  speines  of  Sauro<ion  and  Saurocephalus. 

289  On  the  nomenclature  of  certain  American  fossil  invertebrates. 

Am.  GwL,  vol.  xxiv,  pp.  345-349, 1899. 

290 On  the  names  of  certain  North  American  fossil  vertebrates. 

Science,  new  ser.,  vol.  ix,  pp.  593-594, 1899. 

291  Notes  on  the  nomenclature  of  some  North  American  fossil 

vertebrates. 
Science,  new  ser.,  vol.  x,  pp.  253-254, 1899. 

292  A  census  of  the  fossil  vertebrata  of  North  America. 

Science,  new  ser.,  vol.  x,  pp.  681-684, 1899. 

Gives  the  number  of  genera  and  species  of  the  several  groups  of  the 
vertebrata. 

293  On  one  little  known  and  one  hitherto  unknown  species  of 

Saurocephalus. 
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294  Hayes  (C.  Willard).     Physiography  of  the  Chattanooga  district 

in  Tennessee,  Georgia,  and  Alabama. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rept.,  Pt  II,  pp.  1-^58,  pis.  iv,  fig.  1, 1899. 

295  A  brief  reconnaissance  of  the  Tennessee  phosphate  fields. 

U.  S.  Geol.  Surv.,  20th  Ann.  Rept.,  Pt  VI  (cont ),  pp.  633-638, 1899. 
Describes  the  occurrence  and  character  of  the  phosphate  deposits. 

296  Physiography  and  geology  of  region  adjacent  to  the  Nica- 

ragua Canal  route. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  285-348,  pis.  xxx-xxxii,  1899.  Ab- 
stracts: Am.  Nat,  vol.  xxxiii,  pp.  679-680;  Science,  new  8er.,vol.  ix,  pp. 
ia5,  153-154;  Am.  Geol.,  vol.  xxiii,  pp.  94-96, 1899. 

Describes  physiographic  features,  climate,  the  geology  of  the  region, 
the  processes  of  rock  decay,  and  the  recent  geologic  history. 

297 Physiography  of  the  Nicaragua  Canal  route. 

Nat.  Geog.  Mag.,  vol.  x,  pp.  233-246,  map,  2  pis.,  1  fig.,  1899. 
Describes  the  physiographic  features  of  the  region. 

298  The  Nicaragua  Canal  route. 

Science,  new  ser.,  vol.  x,  pp.  97-104, 1  fig.,  1899. 

Contains  an  account  of  the  general  physiographic  and  geologic  fea- 
tures of  the  region. 

299  Heilprin  (Angelo).     Geology  of  the  Klondike  gold  fields. 

Pop.  Sci.  Mo.,  vol.  Iv,  pp.  300-317, 5  figs.,  1899. 

300  Hershey  (Oscar  H.).     Observations  on  dirtstorms. 

Am.  Geol.,  vol.  xxiii,  pp.  380-382, 1899. 

Describes  the  occurrence  and  phenomena  accompanying  dirtstorms  in 
the  Mississippi  Valley. 

301  Origin  and  age  of  certain  gold  *' pocket"  deposits  in  northern  ^ 

California. 

Am.  Geol.,  vol.  xxiv,  pp.  38-43, 1899. 

Describes  the  geologic  features  of  the  region,  and  the  character,  age, 
and  origin  of  the  gold  deposits. 

302  Age  and  origin  of  certain  gold  deposits  on  the  Isthmus  of 

Panama. 

Am.  Geol.,  vol.  xxiv,  pp.  73-77, 1899. 

Describes  the  character,  occurrence,  and  age  of  the  gold-bearing  for- 
mations. 

303 Correlations  in  the  Ozark  region,  a  correction. 

Am.  Geol.,  vol.  xxiv,  pp.  190-192, 1899. 

Discusses  correlation  of  the  Carboniferous  and  Devonian  formations 
of  the  region. 

304  The  gold-bearing  formations  of  Stephenson  County,  Illinois. 

Am.  Geol.,  vol.  xxiv,  pp.  240-244, 1899. 

Describes  occurrence  of  gold  in  the  Utica  formation  of  Illinois. 
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805  Hershey  (Oscar  H.).    Archasological  notes  on  central  Minnesota. 

Am.  Geol.,  vol.  xxiv,  pp.  283-294, 1899. 

Describee  glacial  phenomena  of  the  region  and  the  occarrence  of  the 
implement-bearing  beds. 

J  306 The  Upper  CoflFee  Creek  mining  district  [California]. 

Min.  and  Sci.  Press,  vol.  Ixxix,  p.  689,  1899. 

Describes  the  geologic  features  and  occarrence  of  gold  in  the  region. 

307  Heydon  (A.  Thurston).    The  headwaters  of  the  Liewis  River 

[British  Columbia.] 
Min.  and  Sci.  Press,  vol.  Izxyiii,  p.  65,  1899. 
Describes  occurrence  of  gold  in  the  region. 

308 Glacial  agency  in  lake  formation. 

Min.  and  Sci.  Press,  vol.  Ixxviii,  p.  266,  1  fig.,  1899. 

309  Hidden  (W.  E.),  Jodd  (J.  W.)  and.    New  mode  of  occurrence  of 

ruby  in  North  Carolina. 
See  Judd  (J.  W. )  and  Hidden  ( W.  E. ).    No.  367. 

310  Hilgard  (E.  W.).    The  subdivision  of  genera. 

Science,  new  ser.,  vol.  x,  pp.  649-660,  1899. 

311  Hill  (Benj.  F.).     Notes  on  a  set  of  rocks  from  Wyoming,  col- 

lected by  Prof.  Wilbur  C.  Ejiiight,  of  the  University  of 
Wyoming. 

School  of  Mines  Quart.,  vol.  xx,  pp.  367-364,  5  figs.,  1899. 
Describes  the  petrographic  characters  of  the  rocks  collected. 

312  Hill  (Robert  T.).     Cuba  and  Porto  Rico,  with  the  other  islands  of 

the  West  Indies;  their  topography,  climate,  flora,  prod- 
ucts, industries,  cities,  people,  political  conditions,  etc. 

New  York,  The  Century  Company,  1898,  pp.  28-429,  2  maps,  79 
plates.     Review:  Science,  new  ser.,  vol.  ix,  pp.  65-66,  1899. 

Includes  an  account  of  the  physiography  and  general  geologic  features 
of  the  West  Indian  Islands. 

313  The  geology  and  physical  geography  of  Jamaica ;  study  of 

a  type  of  Antillean  development,  based  upon  surveys  made 
for  Alexander  Aga.ssiz. 

Harvard  Coll.,  Mus.  of  Comp.  Zool.,  Bull.,  vol.  xxxiv,  pp.  1-256,  41 
pl«.,  40  figs.     Review:  Jour,  of  Greol.,  vol.  vii,  pp.  815-824,  1899. 

De8cril)ea  the  topographic  and  geologic  features,  the  occurrence,  char- 
acter, distribution,  and  fauna  of  the  Cretaceous,  Tertiary,  and  Pleiirto- 
(^ne  formations  and  discusses  their  relation  to  formations  in  adjacent 
islands  aii<l  the  history  of  the  physiographic  changes  of  the  West  Indies. 
Contains  petrographic  notes  on  igneous  rocks  by  Whitman  Croas. 

314  Porto  Rico. 

Nat.  Geog.  Mag.,  vol.  x,  pp.  93-112,  13  figs.,  1899. 
Describes  the  general  physiographic  and  geologic  features  of  the 
island. 
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315  Hillebrand  (W.  F.).     Chemical  notes  on  the  composition  of  the 

roofing  slates  of  eastern  New  York  and  western  Vermont. 
U.  S.  Geol.  Surv.,  19th  Ann.  Kept.,  R.  Ill,  pp.  301-505,  1899. 

316 Mineralogical  notes,  analyses  of  tysonite,  bastnasite,  proso- 

pite,  jeffersonite,  covellite,  etc. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  51-57, 1899.  Abstract:  Am.  Geol., 
vol.  xxiii,  pp.  324-325  (i  p.),  1899. 

317  Analysis  and  composition  [of  roscoelite]. 

Am.  Jour.  Sci.,  4th  eer.,  vol.  vii,  pp.  451-454, 1899.    Review:  Am.  Geol.,   l 
vol.  xxiv,  p.  317  (J  p.),  1899. 

Describes  methods  of  analysis  and  chemical  composition  of  the 
material. 

318  Mineralogical  notes,  melonite  (?),  coloradoite,  petzite,  hessite. 

Am,  Jour.  Sci. ,  4th  ser. ,  vol.  viii,  pp.  295-298, 1899.  Review :  Am.  Geol. , 
vol.  xxiv,  p.  321  (8  1.),  1899. 

319  Hills  (Richard  Charles).     Elmoro  folio,  Colorado. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  No.  58,  1899. 

Describes  the  physiography,  the  occurrence,  and  character  of  the 
Cretaceous,  Neocene,  and  igneous  rocks,  and  the  occurrence  of  coal  and 
other  economic  products.  Includes  topographic  and  .geologic  maps, 
structure,  and  columnar  sections,  and  special  illustrations. 

320.  Hobbs  (Walter  E. ) .  Some  new  fossils  from  eastern  Massachusetts. 

Am.  Geol.,  vol.  xxiii,  pp.  109-115,  1  fig.,  1899. 

Describes  character  and  occurrence  of  Algonkian  and  Cambrian  rocks, 
the  occurrence  of  organic  remains  in  the  Algonkian  strata  and  the  char- 
acter of  a  new  species  from  the  Middle  Cambrian. 

321.  Hobbs  (W.  H.).     The  diamond  field  of  the  Great  Lakes. 

Jour,  of  Geol.,  vol.  vii,  pp.  375-388,  1899. 

Gives  historical  sketch  of  the  discovery  of  diamonds  in  this  region  and 
describes  their  character,  occurrence,  and  origin. 

322 Goldschmidtite,  a  new  mineral. 

Am.  Jour.  Sd. ,  4th  ser.  vol.  vii,  pp.  357-364, 1899.  Review :  Am.  Geol. , 
vol.  xxiv,  p.  182  (}  p.)  1899. 

Describes  the  chemical  and  crystallographic  characters  of  gold- 
schmidtite and  sylvanite. 

323 Spiral  fulgurite  from  Wisconsin. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  17-20,  1899. 
Describes  character  and  occurrence  of  the  material. 

324  HoffrnaTiii  (G.  Christian).     An  occurrence  of  polycrase  in  Canada. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  p.  243  (i  p.),  1899. 
Describes  occurrence  and  chemical  composition. 

326  HoUick  (Arthur).      Some  features  of  the  Staten  Island  drift, 

New  York. 
Abetract:  Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  2-4,  1899. 
BeBcriboB  general  geology  and  character  of  the  glacial  moraines. 
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326  Hollick  (Arthur).     The  relation  between  forestry  and  geology  Id 

New  Jersey. 
Am.  Nat.,  vol.  xxxiii,  pp.  1-14,  109-116,  1899. 

327 Geology  and  geography  of  the  American  Association  for  the 

Advancement  of  Science. 

Science,  new  ser.,  vol.  x,  pp.  487-491,  1899. 
Contains  brief  abstracts  of  papers  read. 

328 A  report  on  a  collection  of  fossil  plants  from  northwestern 

Louisiana. 

La.  Exp.  Stat,  Part  V,  pp.  276-288,  pis.  32-48,  1899. 

329  Notes  on  deep  wells  at  Princes  Bay  and  Huguenot  [Staten 

Island,  New  York]. 
Staten  Island  Nat.  Sci.  Assoc.,  Proc.,  vol.  vii,  p.  19, 1899. 

330  HolzneB  (Chas.).     Coal  and  coal  mining  in  Michigan. 

A})atract:  Eng.  and  Min.  Jour.,  vol.  Ixviii,  pp.  335-336,  1899. 
Describes  occurrence  and  character  of  the  coal. 

331  HolzneB  (J.  A.).     Mica  deposits  in  the  United  States. 

U.  8.  Geol.  Surv.,  20th  Ann.  Kept.,  Ft.  VI  (cont),  pp.  691-707,  1899. 
Abstracts:  The  Mineral  Industry  for  1898,  vol.  vii,  pp.  510-511;  Science, 
new  ser.,  vol.  ix,  p.  142  (J  p.);  Am.  Geol.,  vol.  xxiii,  pp.  106-108; 
Eng.  and  Min.  Jour.,  vol.  Ixvii,  p.  174,  1899. 

Describes  the  occurrence,  character,  structure,  and  origin  of  mica 
deposits. 

332  Some  geologic  conditions  favoring  water-power  developments 

in  the  South  Atlantic  region. 

Al)strac'ts:  Am.  Assoc.  Adv.  Sci.,  Proc.,  vol.  xlviii,  p.  226  (J  p.); 
Science,  new  ser.,  vol.  x,  p.  488  (J  p.),  1899. 

333  Holmes  (W.  IL),  McG^ee  (W  J)  and.     The  geology  and  arche- 

ology of  California. 
See  McGee  (W  J)  and  Holmes  (W.  H.),  No.  455. 

334  Hopkins  (T.  C).     Clays  and  clay  industries  of  Pennsylvania.    L 

Clays  of  western  Pennsylvania  (in  part). 

Pa.  State  Coll.,  Ann.  Kept,  for  1897,  appendix,  pp.  1-183,  6  pis.,  67 
figs.,  1898. 

Descril)e8  the  general  features  of  clay  and  their  products  manufactored 
in  the  State. 

335  Feldspars  and  kaolins  of  southeastern  Pennsylvania. 

Franklin  Inst.,  Jour.,  vol.  cxhiii,  pp.  1-31,  1899. 

Describes  charac^ter,  occurrence,  and  distribution  in  the  region. 

336  Kaolin:  Its  occurrence,  technology,  and  trade. 

The  Mineral  Industry  for  1898,  vol.  vii,  pp.  148-160,  1899. 
DescTil^es  occurrence  and  distribution  in  the  United  States. 

337  Feldspar:  The  occurrence,  mining,  and  uses. 

The  Mmeral  Industry  for  1898,  vol.  \ai,  pp.  262-268,  1899. 
Describes  occurrence  and  distribution  in  the  United  States. 
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338  Hopkixis  (T.  C).     [Review   of  '^  Geology  of  the  Yellowstone 

National  Park,  Part  II,  Descriptive  geology,  petrography, 
and  paleontology,"  by  Arnold  Hague,  J.  P.  Iddings, 
W.  H.  Weed,  C.  D.  Walcott,  G.  H.  Girty,  T.  W.  Stanton, 
and  F.  H.  Knowlton.] 

Jour,  of  Geol.,  vol.  vii,  pp.  709-713,  1899. 

339  The  Conshohocken  plastic  clays  [Pennsylvania]. 

Abstracts:  Am.  Geol.,  vol.  xxiii,  p.  102  (7  1.);  Science,  new  ser.,  vol. 
ix,  p.  139  (7  1.),  1899. 

340  Hovoy  (E.  O.).      Eleventh  winter  meeting  of  the  Geological 

Society  of  America. 

Am.  Geol.,  vol.  xxiii,  pp.  86-109;  Sci.  Am.  Suppl.,  vol.  xlvii,  pp. 
19288-19290,  1899. 
Gives  a  summary  of  the  papers  read. 


341 See  Whitfield  (R.  P.),  No.  730. 

342  Hovey  (Horace  C).     The  life  and  work  of  James  Hall,  LL.  D. 

Am.  Geol.,  vol.  xxiii,  pp.  137-168,  pis.  iv-v,  1899. 

Gives  a  sketch  of  his  life  and  work  and  a  list  of  his  publications. 

343  Hubbard  (Lucius  L.).  Keweenaw  Point,  with  particular  reference 

to  the  felsites  and  their  associated  rocks  [Michigan]. 

Mich.  Geol.  Surv.,  vol.  vi,  Part  II,  155  pp.,  10  pis.,  11  figs.,  1898. 
Describes  the  character,  occurrence,  and  relations  of  tie  sedimentary 
and  volcanic  rocks  of  the  region. 

344  Hunt  (Alfred  E.).     Corundum  in  Ontario. 

Am.  Inst.  Min.  Engrs.,  Trans.,  vol.  xxviii,  p.  875,  1899. 

In  discussion  of  paper  by  Archibald  Blue  on  the  same  subject 


345  Iddings  (Joseph  P.).     The  intrusive  rocks  of  the  Gallatin  Moun- 

tains, Bunsen  Peak,  and  Mount  Everts  [Yellowstone  National 
Park]. 

U.  S.  Geol.  Surv.,  Mon.  XXXII,  R.  II.,  pp.  60-88,  pis.  xi-xii,  1899. 
Describes  the  petrographic  and  chemical  characters  of  the  rocks. 

346  The  igneous  rocks  of  Electric  Peak  and  Sepulchre  Moun- 

tain [Yellowstone  National  Park]. 

U.  S.  Geol.  Surv.  Mon.  XXXII,  Pt.  II,  pp.  89-148,  pis.  xiii-xxii, 
figs.  1-3,  1899. 

Describes  the  geologic  features  of  the  region  and  the  character  of  the 
intrusive  and  volcanic  rocks. 

347  The  dissected  volcano  of  Crandall  Basin,  Wyoming. 

r.  S.  Geol.  Surv.,  Mon.  XXXII,  Pt.  II,  pp.  215-268,  pis.  xx\ni-xxxiv, 
1899. 

Describes  the  general  geology  of  the  region,  the  occurrence  and  charac- 
ter of  the  breccias,  the  intrusive  rocks,  and  the  granular  core  and  dikes. 
Includes  chemical  analyses. 
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348  IddingB  (Joseph  P.).     The  igneous  rocks  of  the  Abaaroka  Range 

and  Two  Ocean  Plateau  and  of  outlying  portions  of  the 
Yellowstone  National  Park. 

U.  S.  Geol.  Surv.,  Mon.  XXXII,  Pt.  II,  pp.  269-325,  pi.  xxxv,  1899. 
Describes  the  petrographic  cbaractere  of  the  breccias,  flows,  and  dike 
rocks. 

349  Absarokite-shoshonite-banakite    series     [Yellowstone    Na- 

tional Park]. 

U.  8.  Geol.  Surv.,  Mon.  XXXII,  R.  II. pp.  326-355,  pis.  xxx%T-xxxviii, 
1899. 
Describes  petrographic  and  chemical  characters. 

350  The  rhyolites  [Yellowstone  National  Park]. 

U.  S.  Geol.  Surv.,  Mon.  XXXII.  Pt.  II,  pp.  356-432,  pla  xxxix-lvii, 
fig.  4,  1899. 

Describes  the  megascopical  and  microscopical  characters  of  the  rhyo- 
lites and  their  distribution  in  the  park. 

351  Recent  basalts  [Yellowstone  National  Park]. 

U.  8.  Geol.  Surv.,  Mon.  XXXII,  Pt  II,  pp.  433-440,  pis.  Ivii-lix,  1899. 
Describes  their  distribution  and  petrographic  characters. 

352 [Remarks  on  the  use  of  the  term  plutonic  plugs.] 

Jour,  of  Geol.,  vol.  vii,  pp.  96-97  (i  p.),  1899. 

353 [Review  of  "  Geological  report  on  Isle  Royale,  Michigan," 

by  A.  C.  Lane.] 

Jour,  of  Geol.,  vol.  vii,  pp.  718-720,  1899. 

354  and  Weed  (W.  H.).    Descriptive  geology  of  the  Grallatin 

Mountains  [Yellowstone  National  Park.] 

U.  8.  Geol.  Surv.,  Mon.  XXXII,  Pt.  II,  pp.  1-59,  pis.  i-x,  1899. 

Describes  the  character  and  occurrence  of  the  Cambrian,  Silarian, 
Devonian,  Carlx)niferous,  Juratrias,  and  Cretaceous  strata  and  igneoas 
roc^ks  of  the  region. 

355 Descriptive  geology  of  the  northern  end  of  the  Teton 

Range  [Yellowstone  National  Park]. 

U.  S.  Geol.  Surv.,  Mon.  XXXII,  Pt.  II,  pp.  149-164,  pi.  xxiii,  1899. 

Describes  the  structure  and  the  character  and  occurrence  of  the  Cam- 
brian, Silurian,  Devonian,  Carboniferous,  Juratrias,  and  Cretaceous  rocks 
of  the  region. 

356  Ingall  (P^lfric  Drew).     Section  of  mineral  statistics  and   mines. 

Annual  report  for  1897. 

Can.  Geol.  Surv.,  new  series,  vol.  x.  Kept.  S,  232  pp.,  1898. 

357  Irving  (John  D.).     Some  contact  phenomena  of  the  Palisade  dia- 

base [New  Jersey]. 

Si^hool  of  Mines  Quart.,  vol.  xx,  pp.  213-223,  3  figs.,  1899. 
Describes  the  effects  of  the  intrusive  on  the  diabase  and  sedimentary 
rocks. 
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J. 

358  Jaggar  (T.  A.,  jr.).     [Review  of  *' Maryland  Geological  Survey, 

vols,  i  and  ii."] 

Am.  Nat ,  vol.  xxxiii,  pp.  277-279, 1899. 

359  Jefferson  (M.  S.  W.)    Beach  cusps. 

Jour,  of  Geol.,  vol.  vii,  pp.  237-246, 5  figs.,  1899. 
Describes  mode  of  fomiation  on  Massachusetts  coast. 

3G0  Jenney  (W.  P.).     See  Ward  (L.  F.),  No.  690. 

361  Johnson  (Charles  W.).     A  new  Pliocene  Polygyra  from  Florida. 

Nautilus,  vol.  xiii,  pp.  679-681, 1899. 
Describes  Polygyra  caloosaensis  n.  sp. 

362  Johnson  (W.  D.).     An  unrecognized  process  in  glacial  erosion. 

Abstracts:  Am.  Geol.,  vol.  xxiii,  pp.  99-100;  Science,  vol.  ix,  p.  106 
(i  p.),  1899. 

363  The  work  of  glaciers  in  high  mountains. 

Abstract:  Science,  new  ser.,  vol.  ix,  pp.  112-113, 1899. 

364  Subsidence  basins  of  the  high  plains. 

Abstract:  Science,  new  ser.,  vol.  ix,  pp.  152-153, 1899. 

365  Jones  (A.  W.).     New  developments  of  the  Mentor  beds.  ' 

Kan.  Acad.  Sci.,  Trans.,  vol.  xvi,  pp.  65-66, 1899. 
Gives  notes  on  oocorrence  and  fauna  in  Kansas. 

366  Jones  (T.  Rupert)  and  Wood'wrard  (Henry).     Contributions  to 

fossil  Crustacea. 
Geol.  Mag.,  dec.  iv,  vol.  vi,  pp.  388-395,  pi.  xv,  1899. 
Describes  Bellinurus  grandcevus  from  Nova  Scotia. 

367  Judd  (J.  W.)  and  Hidden  (W.  E.).     New  mode  of  occurrence  of 

ruby  in  North  Carolina.     With  crystallographic  notes  by 
J.  H.  Pratt. 

Am.  Jour.  Sci., 4th  ser.,  vol.  viii,  pp.  370-381, 1899. 
Describes  occurrence,  character,  mineral  associates,  and  crystallography 
of  the  material. 

367a  Jukes-Browne  (A.  J.),  Harrison  (J.  B.)  and.      The  Oceanic 

deposits  of  Trinidad  [British  West  Indies]. 
See  Harrison  (J.  B. )  and  Jukes-Browne  ( A.  J. ),  No.  284. 


368  Kain  (S.  W.),  Matthew  (G.  F.)  and.     On  artesian  and  fissure 

wells  in  New  Brunswick. 
See  Matthew  (G.  F.)  and  Kain  (S.  W.),  No.  473. 

369  Kelvin  (Lord).    The  age  of  the  earth  as  an  abode  fitted  for  life. 

Science,  new  ser.,  vol.  ix,  pp.  665-674  and  704-711, 1899. 

Bull,  172 i 
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370  Kemp   (James  Funnan).     The  titaniferous    iron    ores    of   the 

AdirondackH. 

U.  S.  Geol.  Sun.,  19th  Ann.  Ilept,Pt  in,  pp. 377-422,  pla.  Iv-lxiii,  1899. 

Describee  the  chemical  compodtion,  geologic  features,  local  occurrence, 
and  origin  of  the  titaniferous  ores  of  the  region.  Reviews  the  general 
occurrence  of  these  ores  in  other  regions. 

371  Granites  of  southern  Rhode  Island  and  Connecticut  with 

observations  on  Atlantic  coast  granites  in  general. 

Geol.  Soc.  Am.  Bull., vol. x,  pp.361-382,  pis.  xxxv-xli,  1899.  Abstracts: 
Am.  Geol.,  vol.  xxiii,  pp.  105-106  (}  p.);  Science,  new  ser.,  vol.  ix,  pp. 
140-141, 1899. 

DcHcribes  |)etrographic  character  of  the  Rhode  Island  granites  and  the 
occurrence  and  character  of  the  granites  in  the  States  and  Provinces  of 
the  Atlantic  coast. 

372  A  brief  review  of  the  titaniferous  magnetites. 

School  of  Mines  Quart,  vol.  xx,  pp.  323-356,  vol.  xxi,  pp.  56-65, 1899. 
Desc^ribes  occurrence  and  chemical  characters  of  the  magnetite  ores  of 
the  United  States  and  other  countries. 

373  Metamorphosed  basic  dikes  in  the  Manhattan  schists,  New 

York  Citv. 

Abstracts:  Am.  Geol.,  vol.  xxiii,  p.  105  (61.);  Science,  new  ser.,  voL  ix, 

p.  140  (1  p.),  1899. 

374 Eleventh  Annual  Meeting  of   the  Greological    Society  of 

America.     December  28,  29,  and  30  [1898],  New  York 

Science,  new  ser.,  vol.  ix,  pp.  100-106, 138-145, 1899. 
Contains  abstracts  of  papers  presented  at  the  meeting. 

375  Kendall  (J.  D.).     The  silver-lead  deposits  of  the  Slocan,  British 

Columbia. 
Can.  Min.  Rev.,  vol.  xviii,  pp.  172-186, 42  figs.,  1899. 
Describes  the  occurrence  and  character  of  the  deposits. 

376  Keyes  (Charles  R.).     American  homotaxial  equivalents  of  the 

original  Permian. 

Jour,  of  Geol. ,  vol.  vii,  pp.  321-341, 1899. 

Describes  character,  occurrence,  and  faunas  of  probable  Permian  strata 
and  discusses  their  homotaxial  relations  to  the  Permian  of  Europe. 

377  Sonic  physical  aspects  of  general  geological  correlation. 

Iowa  Ac-ad.  8ci.,  Pn)c.,  vol.  vi,  pp.  131-154,  pi.  vi,  1899. 

Discusses  methods  and  criteria  to  be  employed  in  geologic  correlation. 

378  The  Missourian  series  of  the  Carboniferous. 

Am.  Geol.,  vol.  xxiii,  pp.  298-316, 1899. 

Gives  a  historical  review  of  the  literature  on  this  series,  and  a  descrip- 
tion of  the  character,  distribution,  and  geologic  structure  of  the  sub- 
divisions of  the  series. 

379  [Review  of  a  review  of  Wachsmuth  and  Springer's  Mono- 

graph on  Crinoids.^  by  F.  A.  Bather.] 
Am.  Geo\.,No\.xx\N  ,\v^.T*>-^A^Sf^. 
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380  Keyes  (Charles  R.).     On  stratification  planes. 

Am.  GeoL,  vol.  xxiv,  pp.  294-300, 1899. 

Describes  bedding  planesi  terranal  planer,  ^n'eat  planes  of  sedimenta- 
tion, and  erosion  planes. 

381  [Review  of  ''Geology  of  the  Aspen  mining  district,  Colo- 

rado," by  J.  Edward  Spurr.] 

Am.  Geo!.,  vol.  xxiv,  pp.  307-308, 1899. 

382  Kimball  (James  P.).     The  granites  of  Carbon  County,  Montana: 

A  division  and  gla<*ier  field  of  the  Snowy  Range. 
Am.  Geog.  Soc.  Bull.,  vol.  xxxi,  pp.  109-215,  pis.  i-v,  fig.  1, 1899. 
Describes  the  physiographic  features  of  the  region  and  the  occurrence 
of  glaciers. 

383  Kindle  (Edward  M.).     The  Devonian  and  Ix)wer  Carboniferous 

faunas  of  southern  Indiana  and  central  Kentucky. 

Am.  Pal.  Bull.,  No.  12, 112  pp.,  1899. 

Describes  briefly  the  stratigraphy  of  the  n»gion  and  gives  notes  on  the 
fauna  of  various  sections  and  a  list  showing  range  and  distribution  of  the 
species.     Discusses  correlation  of  the  faunas. 

384  King  (Francis  H.).     Principles  and  conditions  of  the  movements 

of  ground  water. 

U.  S.  Geol.  Surv.  19th  Ann.  Kept.,  Pt.  II,  pp.  59-294,  pis.  vi-xvi,  figs. 
2-53, 1899. 

386  King  (Helen  Dean).     Edward  Drinker  Cope. 

Am.  Geol.,  vol.  xxiii,  pp.  1-41,  pi.  i,  1899. 

Gives  a  brief  sketch  of  Professor  Cope's  life  and  bibliographic  Ustof  his 
publications. 

386  Knapp  (S.  A.).     Occurrence  and  recovery  of  sodium  carbonate  in 

the  Great  Basin. 

The  Mineral  Industry  for  1898,  vol.  vii,  pp.  626-634, 1899. 

387  Knight  (Wilbur  C).    The  Nebraska  Permian. 

Jour,  of  Geol.,  vol.  vii,  pp.  357-374, 1899. 

Describes  character,  occurrence,  and  faunas  of  the  Kansas  and  Nebraska 
Permian  strata. 

388  Some  new  data  for  converting  geological  time  into  years. 

Science,  new  ser.,  vol.  x,  pp.  607-608, 1899. 

Describes  the  method  adopted  of  estimating  the  time  of  the  erosion  of 
certain  Miocene  beds  in  Wyoming. 

389  and  Barbour  (E.  H.).    The  discovery  of  new  invertebrates 

in  the  Dinosaur  beds  of  Wyoming. 

See  Barbour  (E.  H. )  and  Knight  ( W.  C. ),  No.  31. 

390 and  Sloraon  {K  E.).    The  oil  fields  of  Crook  and  Uinta 

counties,  Wyoming. 
Wyoming  Univ.  School  of  Mines,  Boll.,  No.  3, 1899.    (Not  seen.) 
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391  Knowlton  (Frank  Hall).     Report  on  some  fossil  wood  from  the 

Richmond  Basin,  Virginia. 
U.  S.  Geol.  Surv.,  19th  Ann.  Kept,  Pt  II,  pp.  516^19,  pi.  lii,  1809. 
Describes  two  species  of  Araucarioxylon. 

392  Fossil  flora  [Yellowstone  National  Park]. 

U.S. Geol. Surv., Men.  XXXU,  Pt  U,  pp.  651-882,  pis.  Ixxvii-cxxi, 
1899. 

Descrilies  the  fossil  flora  collected  in  the  region  and  their  relations, 
and  the  occurrence  and  character  of  the  fossil  forests. 

393  C'atalogue  of     Cretaceous  and  Tertiary  plants   of    North 

America. 
Review:  Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  p.  168  (J  p.),  1899. 
See  Bibliography  and  Index  for  1898,  No.  450. 

394  See  Ward  (L.  F.).     No.  690. 

395  Kliininel  (Henry  B.).     The  extension  of  the  Newark  system  of 

rocks. 

N.  J.  Geol.  Surv.,  Kept  for  1898,  pp.  4S-57,  pi.  ii,  figs.  9-10, 1899.  Ab- 
stracter Am.  Geol.,  vol.  xxiii,  p.  83  (J  p.);  Science,  new  ser.,  vol.  ix,  pp. 
102-103,  1899. 

Describes  the  extension  of  the  Newark  system  into  New  York. 

396  The  Newark  rocks  of  New  Jersey  and  New  York. 

Jour,  of  Geol.,  vol.  vii,  pp.  23-52,  4  figs.,  1899. 

Describes  the  occurrence,  character,  structure,  and  relation  of  the 
Newark  sedimentary  and  trap  rocks  of  the  region.  Includes  geologic 
maps. 

397  Kuntze  (Otto).     On  the  occurrence  of  quenstedtite  near  Mon^ 

pelier,  Iowa. 

Am.  Geol.,  vol.  xxiii,  pp.  119-121,  1899. 

Describes  occurrence,  mode  of  formation,  and  chemical  character. 

398  Kunz  (George  F.).     Native  silver  in  North  Carolina. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  242-243,  1899. 

L. 

399  Ladd  (George  E.).     A  preliminary  report  on  a  part  of  the  clays 

of  Georgia. 

Ga.  Geol.  Surv.  Bull.,  No.  6A,  204  pp.,  28  pis.,  1898. 
Describes  properties,  occurrence,  and  distribution  of  clay  deposits  in 
Georgia. 

400  Notes  on   the  Cretaceous  and  associated   clays  of  middle 

Georgia. 

Am.  Geol.,  vol.  xxiii,  pp.  240-249,  1899. 

Describes  the  relations  of  the  Cretaceous  and  Tertiary  strata  and 
character  of  the  clays  of  the  Potomac  formation. 
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401  Lakes  (Arthur).     The  Mother  Lode  of  California.      / 

Mines  and  Minerals,  vol.  xlx,  pp.  24S-250,  5  figs.,  1899. 
Describes  the  structure  and  occurrence  of  the  veins. 

402  Boulder  region,  Colorado. 

Mines  and  Minerals,  vol.  xix,  pp.  252-253,  1899. 
General  notes  on  the  region. 

403  Placer  mining  in  California.     \^ 

Mines  and  Minerals,  vol.  xix,  pp.  297-298,  2  figs.,  1899. 

404  Natural  gas  in  Colorado. 

Mines  and  Minerals,  vol.  xix,  pp.  339-340,  1899. 
Describes  occurrence  and  origin. 

406  New  Almaden  mines  of  Santa  Clara  County,  California.  «/ 

Mines  and  Minerals,  vol.  xix,  pp.  346-349,  3  figs.,  1899. 

406  Observations  on  some  prospects  and  mines  around  Brecken- 

ridge.  South  Park,  Colorado. 

Mines  and  Minerals,  vol.  xix,  pp.  440-441,  2  figs.,  1899. 
Contains  notes  on  the  geology  of  the  region. 

407  California  gold  mines.    \/ 

Mines  and  Minerals,  vol.  xix,  pp.  444-446,  6  figs.,  1899. 

408  Coal  fields  of  Colorado. 

Mines  and  Minerals,  vol.  xix,  pp.  541-543,  4  figs.,  1899. 

409  California  asphaltum.      . '' 

Mines  and  Minerals,  vol.  xx,  pp.  108-109,  4  figs.,  1899. 
Describes  occurrence  and  character  of  the  material. 

410  Grand  River  coal  field  of  Colorado. 

Mines  and  Minerals,  vol.  xx,  pp.  110-111,  3  figs.,  1899. 
Describes  geological  occorrenoe  of  coal  in  this  region. 

411  Description  of  Raven  Hill,  Cripple  Creek,  and  its  ore  depos- 

its [Colorado]. 
Mines  and  Minerals,  vol.  xx,  pp.  154-155,  1  fig.,  1899. 

412  Calaveras  County  mines  [California].  ^' 

Mines  and  Minerals,  vol.  xx,  pp.  198-200,  6  figs.,  1899. 

413  Laxnbe  (Lawrence  M.).    A  revision  of  the  genera  and  species  of 

Canadian  Paleozoic  corals.    The  Madreporaria  perforata 

and  Alcyonaria. 

Can.  Geol.  Surv.,  Cont  to  Can.  Pal.,  vol.  iv,  Pt.  I,  96  pp.,  5  pis., 
1899. 

414 On  some  species  of  Canadian  Paleozoic  corals. 

Ottawa  Nat,  vol.  xii,  pp.  217-226,  237-258,  1899. 
Describes  structural  details  not  given  in  original  descriptions,  and  a 
BQppoBed  new  Bpedea. 
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415  Laxnbe  (Lawrence  M.).     On  reptilian  remains  from  the  Creta- 
ceous of  northwestern  Canada. 
Ottawa  Nat.,  vol.  xiii,  pp.  68-70,  1899. 
Contains  brief  notes  on  tlie  fossils  collected. 

416 Notes  on  a  stromatoporoid  from  the  Hudson  River  formation 

of  Ontario. 
Ottawa  Nat.,  vol.  xiii,  pp.  170-171,  1399. 
Contains  notes  on  Labechia  huronenBiB  Billings. 

417  Lane  (Alfred  C).     Geological  report  on  Isle  Royale,  Michigan. 

Mich.  Geol.  Surv.,  vol.  vi,  Pt  I,  281  pp.,  16  pis.,  29  figs.,  1898. 

Describes  the  structure,  occurrence  and  character  of  the  sedimentary 
and  igneous  rocks  and  the  occurrence  of  diabase  introaives  in  the 
Huronian. 

418  Water  resources  of  the  Lower  Peninsula  of  Michigan. 

U.  8.  Geol.  Surv.,  Water-Supply  Paper  No.  30,  97  pp.,  7  pis.,  14  figs., 
1899. 

Describes  the  water  supply  of  the  region  and  the  general  physio- 
graphic and  geologic  features. 

419  Lower  Michigan  mineral  waters. 

U.  S.  Geol.  Surv.,  Water-Supply  Paper  No.  31,  97  pp.,  4  pla,  2  figs., 
1899. 
Desciribes  chemical  coniposition  and  occurrence. 

420  Note  on  a  method  of  stream  capture. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  12-15,  fig.  1,  1899. 
Describes  occurrence  in  Michigan. 

421  Magmatic  differentiation  in  rocks  of  the  copper-bearing  series. 

Abstract:  Geol.  Soc.  Am.,  Bull.,  voL  x,  pp.  15-18,  1899. 

422  Lavagnino  (G.).     The  Old  Telegraph  mine,  Utah. 

Min.  and  Sci.  Press,  vol.  Ixxviii,  p.  589,  1899. 
Describes  occurrence  of  gold  and  silver. 

423  Le  Conte  (Joseph).     The  Ozarkian  and  its  significance  in  theo- 

reticiil  geology. 

Jour,  of  Geol.,  vol.  vii,  pp.  525-544,  1899. 

Describes  the  events  of  the  Ozarkian  eix)ch  immediately  preceding: 
the  Glacial  epoch,  the  origin  of  glacial  phenomena,  and  the  use  of  the 
t^irm  Psychozoic. 

424  The  Ozarkian  and  its  significance  in  theoretic  geology. 

Abstracts:  Am.  Assoc!.  Adv.  Sci.  Proc.,  vol.  xlviii,  p.  229  (J  p.);  Sci- 
ence, new  ser.,  vol.  x,  p.  490  (J  p.),  1899. 

425  Lee  (Harry  A.).     The  asphalt  deposits  of  Middle  Park,  Colorado. 

Eng.  and  Min.  Jour.,  vol.  Ixvii,  p.  468,  1899. 

420  Lee  (W.  T.).     [Review  of  "The  University  Geological  Survey  of 
Kansas,  vol.  iv,  Paleontology,  Part  I,  Upper  Cretaceous" 
by  S.  W.  Williston.] 
^  Jour,  of  Geol.,  vol.  vii,  pp.  100-101,  1899. 
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427  Lee  (W.  T.).     [Review  of  ''Bulletin  of  the  American  Museum 

of  Natural  History,  vol.  x."] 

Jour,  of  GeoL,  vol.  vii,  pp.  316-317,  1899. 

428  [Review  of  "Geology  of  the  Aspen  mining  district,  Colo- 

rado," by  J.  E.  Spurn] 

Jour,  of  Geo!.,  vol.  vii,  pp.  721-722,  1899. 

429  Leith  (C.  K.).     Summaries  of  current  pre-Cambrian  literature. 

Jour,  of  Geo!.,  vol.  vu,  pp  190-205,  406-425,  702-708,  790-812,  1899. 

430  Leonard  (A.  G.),  Bain  (H.  F.)  and.     Middle  Coal  Measures  of 

the  western  interior  coal  fields. 
See  Bain  (H.  F.)  and  Leonard  (A.  G.),  No.  28. 

431  Leverett  (Frank).     The  Illinois  Glacial  lobe. 

U.  S.  Geol.  Surv.,  Mon.  XXXVIII,  817  pp.,  24  pis.,  9  figs.,  1899. 
Describes  the  physiography,  the  character,  occurrence,  and  distriba- 
tion  of  the  glacial  deposits  and  the  water  supply  of  the  State. 

432  Wells  of  northern  Indiana. 

U.  S.  Geol.  Surv.,  Water-Supply  Paper  No.  21,  82  pp.,  2  pis.,  1899. 
Abstract:  Am.  Geol.,  vol.  xxiii,  p.  385  (J  p.),  1899. 

Describes  character  and  distribution  of  the  glacial  deposits  and  ziyeB 
well  data. 

433  Wells  of  southern-  Indiana. 

U.  S.  Geol.  Surv.,  Water-Supply  Paper  No.  26,  64  pp.,  1899. 
Gives  data  regarding  the  wells  of  the  region. 

434 The  lower  rapids  of  the  Mississippi  River. 

Jour,  of  Geol.,  vol.  vii,  pp.  1-22,  2  figs.,  1899;  Iowa  Acad.  Sci.  Proci 
vol.  vi,  pp.  74-93,  1  fig.,  1899. 

Describes  the  drainage  of  the  Upper  Mississippi  Valley  during  the 
Glacial  epoch. 

436  Glacial  phenomena  of  central  Ohio. 

Abstract:  Science,  new  ser.,  vol.  x,  p.  487-488  dp.),  1899. 

436  Lewinson-Lessing  (F.).    Classification  of  rocks  and  differentia- 

tion of  magmas. 

Review:  Am.  Geol.,  vol.  xxiii,  pp.  346-369,  1899. 

437  Lindgren  (Waldemar).     The    copper   deposits  of   the    ''Seven 

Devils,"  Idaho. 

Min.  and  Sci.  Press,  vol.  Ixxviii,  p.  125,  1899. 

Describes  general  geologic  features  and  occurrence  of  copper  ores  in 
the  region. 

438  Logan  (W.  N.).     Contributions  to  the  paleontology  of  the  Upper 

Cretaceous. 

Field  Col.  Mus.,  Geol.  ser.,  vol.  i,  pp.  207-216,  pis.  22-26,  1899. 
DeBcribee  material  from  the  Cretaceous  of  Kansas. 
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439  Logan  (W.  N.)*  A  discussion  and  correlation  of  certain  sabd 
visions  of  the  Colorado  formation. 

Jour,  of  GeoL,  vol.  vii,  pp.  83-01,  1899. 

Describee  the  Colorado  formatioii  of  the  Kanaan  area,  and  diacaaa 
its  correlation  with  other  regions. 

440 Some  additions  to  the  Cretaceoas  invertebrates  of  Kansas. 

Kansas  Univ.  Quart,  vol.  viii,  pp.  87-98,  pis.  xx-zxiii,  1899. 

441  [Review  of  "The  Cretaceous  of  the  Black  Hills  as  indicate! 

by  the  fossil  plants,"  by  Lester  F.  Ward,  with  the  collabora 

tion  of  Walter  P.  Jenney,  William  M.  Fontaine,  and  F.  H 

Knowlton.] 
Jour,  of  Geol.,  vol.  vii,  pp.  814-815,  1899. 

442  Lord  (E^win  C.  E.).  Petrographic  report  on  rocks  from  thi 
United  States-Mexico  boundary. 

U.  S.  Nat.  Mus.  Proc.,  vol.  xxi,  pp.  77a-782,  with  map,  1899. 
Describes  petrographic  characters  of  rocks  collected  by  the  Inter 
national  Boundary  Ck>mmi8Bion. 

443  Lncas  (F.  A.).     Rock  salt  in  Louisiana. 

Abstract:  Eng.  and  Min.  Jour.,  vol.  Ixviii,  pp.  577-678,  1899. 

444 The  fossil  bison  of  North  America. 

U.   S.   Nat.   Mus.   Proc,  vol.    xxi,   pp.   755-771,    pis.   Ixv-lxxxvi 
Review:  Am.  Geo!.,  vol.  xxiii,  p.  385  (51.),  1899. 

445  A  new  snake  from  the  Eocene  of  Alabama. 

U.  S.  Nat  Mus.  Proc,  vol.  xxi,  pp.  637-638,   pis.  xlv-xlvi,  1899 
Published  in  1898. 
Describes  Pterosphenus  schacherti. 

446 The  characters  of  Bison  occidentalis,  the  fossil   bison  oi 

Kansas  and  Alaska. 

Kan.  Univ.  Quart,  vol.  viii,  pp.  17-18,  1899. 
Compares  this  species  with  B.  antiquus. 

447  Lndloff  (K.).  The  discovery  of  gold-bearing  conglomerate  in 
British  Columbia. 

Min.  and  Sci.  Press,  vol.  Ixxix,  p.  692,  1899. 
Describes  occurrence  in  Frazer  River  region. 

448  Luquer  (L.  M.).  Minerals  in  rock  sections:  The  practical  methods 
of  identifying  minerals  in  rock  section  with  microscope; 
especially  arranged  for  students  in  technical  and  scientific 
schools. 

D.  Van  Nostrand  Company,  N.  Y.,  1898.    Review:  Am.  Greol.,  vol. 
xxiv,  pp.  120-121,  1899. 

449  Luther  (D.  D.).  The  brine  springs  and  salt  wells  of  the  State  oi 
New  York  and  the  geology  of  the  salt  district. 

N.  Y.  Geol.  Surv.,  16th  Ann.  Rept,  pp.  171-226,  4  pis.,  6  figs.  (an<] 
geological  map),  1899. 
>  I  -  Describes  the  occurrence  of  salt  and  the  character  and  occnrrenoe  a 


I      ^     -^M.  the  subdivision  of  the  Silurian  and  Devonian  in  the  salt  district 
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450  Macbride  (T.  H.).    Geology  of  Humboldt  County  [Iowa]. 

Iowa  Geol.  Surv.,  vol.  ix,  pp.  113-164,  figs.  12-16  and  geologic  map, 
1899. 

Describes  the  physiography,  the  character  and  occurrence  of  the  Car- 
boniferous and  Pleistocene  deposits,  and  the  occurrence  of  economic 
products  in  the  county. 

451  McCallie  (S.  W.).    A  preliminary  repoi-t  on  the  artesian  well 

s^'stem  of  Georgia. 

Ga.  Geol.  Sun-.,  Bull.  No.  7,  pp.  1-214,  pis.  i-vii,  figs.  1-22,  1898. 
Review:  Jour,  of  Geol.,  vol.  vii,  p.  722,  (i  p.)  1899. 

Gives  sections  of  numerous  artesian  wells  of  Georgia. 

452  Gold  deposits  of  Georgia.     Paper  read  before  the  Inter- 

national Gold  Mining  Convention,  Denver,  Colo.,  July  8, 
1897.     17  pp.     1  map.     1898.     Not  seen. 

453  McG^ee  (W  J).     The  Pre-Lafayette  (Tennessean)  base-level. 

Abstracts:  Am.  Assoc.  Adv.  Sci.  Proc.,  vol.  xlviii.,  p.  227  (7  1.); 
Science,  new  ser.,  vol.  x,  p.  489  (12  1. ),  1899. 

454  [Review  of  "Cuba  and  Porto  Rico,"  by  R.  T.  Hill.] 

Science,  new  ser.,  vol.  ix,  pp.  66-66, 1899. 

455  and  Holmes  (W.  H.).     The  geology  and  archeology  of  Cal- 

ifornia. 

Abstracts:  Am.  Geol.,  vol.  xxiii,  pp.  96-99;  Science,  new  ser.,  vol.  ix, 
pp.  104-105;  Sci.  Am.  Suppl.,  vol.  xlvii,  p.  19313, 1899. 

456  Mclnnes  (William).     Report  on  the  geology  of  the  area  covered 

b}^  the  Seine  River  and  Lake  Shebandowan  map  sheets,  com- 
prising poi*tions  of  Rainy  River  and  Thunder  Bay  districts, 

Ontario. 

Can.  Geol.  Surv.,  new  ser.,  vol.  x,  Rept.  H,  65  pp.,  2  maps,  3  pis.,  1899. 

Describes  the  physiography  and  drainage,  the  character  and  occurrence 
of  the  Algonkian,  Cambrian,  and  Glacial  deposits,  and  the  occurrence  of 
iron  and  gold. 

457  MacKellar  (Peter).    The  gold-bearing  veins  of  Bag  Bay,  near 

Lake  of  the  Woods. 

Can.  Min.  Rev.,  vol.  xviii,  pp.  144-147, 2  figs.  Abstracts:  Science,  new 
ser.,  vol.  ix,  p.  144  (10 1.);  Am.  Geol.,  vol.  xxiii,  p.  104  (7  1.),  1899. 

458  Maguire  (Don).     Central  Idaho  gold  field. 

Mines  and  Minerals,  vol.  xix,  pp.  289-291, 2  figs.,  1899. 
Describes  occurrence  of  gold. 

459  Snake  River  gold  fields  of  Idaho. 

Mines  and  Minerals,  vol.  xx,  pp.  56-^8, 1  fig.,  1899. 

460  Manson  (Marsden).     The  laws  of  climatic  evolution. 

Am.  Geol.,  vol.  xxiii,  pp.  44-67, 1899. 

Gives  a  review  of  climatic  conditions  and  a  sommary  of  the  theories 
of  climatic  evolutioii. 
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461  liffazison  (Marsden).     The  evolation  of  climates. 

Am.  Geol.,  vol.  xxiv,  pp.  93-120, 1899. 

Reviews  several  theories  as  to  the  cause  of  glacial  epochs,  gives  a  get^ 
eral  statement  of  the  problem,  and  discusses  the  evidences  of  tropical 
glaciation. 

462 The  evolution  of  climates  (concladed). 

Am.  Geol.,  vol.  xxiv,  pp.  157-180,  pp.  205-209,  pi.  xi,  1899. 
Discusses  the  origin  and  development  of  climates,  and  the  influence  of 
the  lava  flows  of  the  Columbia  plain  on  the  existing  climate. 

463  Marsh  (O.  C.)-     Footprints  of  Jurassic  Dinosaurs. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  229-232, 3  figs.,  pi.  v,  1899. 
Describes  the  stratigraphic  succession  above  the  Paleozoic  in  the 
Black  Hills,  and  the  character  and  occurrence  of  the  footprints. 

464 Note  on  a  Bridger  Eocene  carnivore.     (Note  prepared  by  J. 

L.  Wortman.) 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  p.  397  (t  p. ),  1899. 
Proposes  name  Telmatocyon, basing  the  genus  on  the  remains  referred 
to  Limnocyon  riparius. 

466  The  origin  of  mammals. 

Greol.  Mag.,  dec.  iv,  vol.  vi,  pp.  13-16, 1899. 

466  On  the  families  of  Sauropodous  Dinosauria. 

Geol.  Mag.,  dec.  iv,  vol.  vi,  pp.  157-158, 1899. 

467  Martin  (Daniel  S.).     Glacial  geology  in  America. 

Pop.  Sci.  Mo.,  vol.  liv,  pp.  356-361, 1899. 

468  Matthe-w  (George  F.).     Studies  on  Cambrian  faunas,  No.  2. 

Can.  Royal  Roc,  Proc.  and  Trans.,  2d  ser.,  vol.  iv,  sect.  4,  pp.  123-149, 
l)l8.  i-ii,  1899.     Review:  Am.  Geol.,  vol.  xxiii,  pp.  262-263  (J  p. ),  1899. 

Describes  the  chara(^ter  and  occurrence  of  Cambrian  rocks  in  a  portion 
of  New  Bnmswick,  and  the  character  and  development  of  the  fosdl 
fauna. 

469  A  Paleozoic  tcrranc  beneath  the  Cambrian. 

N.  Y.  Acad.  Sci.,^Vnnal8,  vol.  xii,  pp.  41-56,  figs.  1-4, 1899.  Reviews: 
Am.  Geol.,  vol.  xxiv,  pp.  55-56;  Am.  Jour.  Sci.,  vol.  viii,  p.  79  (J p.),  1899. 

Describes  the  Etcheminian  fauna  and  the  sections  in  which  it  is  found, 
and  discusses  relations  to  Cambrian  faunas. 

470  A  new  Cambrian  trilobite. 

N.  B.  Nat.  Hist.  Soc,  Bull.  No.  17,  pp.  137-142,  pi.  iii,  1899. 
DescTibos  Metadoxides  magnificuH  n.  sp.  and  compares  North  American 
and  European  Cambrian  faunas. 

471  [lieview  of  '^ Fossil  Medusae/'  by  Charles  D.  Waleott]. 

Am.  Geol.,  vol.  xxiii,  pp.  59-61, 1899. 

472  [Review  of  preliminar}'^  notice  of  the  Etcheminian  fauna  of 

Newfoundland.] 
Am.  Geol.,  vol.  xxiv,  pp.  125-126, 1899. 
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473  Matthew  (George  F.)  and  Kain  (S.  W.).     On  artesian  and  fis- 

sure wells  in  New  Brunswick. 
N.  B.  Nat  Hist.  Soc.,  Bull.  No.  17,  pp.  143-152, 1899. 

474  Matthe-w  (W.  D.).     Is  the  White  River  Tertiary  an  aeolian  for- 

mation? 

Am.  Nat.,  vol.  xxxiii,  pp.  403-408.    Review:  Anu  Geol.,  vol.  xxiv,  pp. 
250-251, 1899. 
Discusses  the  origin  of  the  formation. 

476  Mendenhall  (W.  C).  Report  on  the  region  l>etween  Resurrec- 
tion Bay  and  the  Xanana  River  [Alaska]. 

U.  8.  Geol.  Surv.  Expl.  in  Alaska,  pp.  40-50, 1899. 

DescrilMJs  the  physiography,  the  route  of  travel,  the  occurrence  of  Cre- 
taceous and  pre-Cretaceous  sedimentaries,  and  the  occurrence  of  gold  and 
coal. 

476  The  Kenai  Peninsula  [Alaska]. 

U.  S.  Geol.  Surv.  Expl.  in  Alaska,  pp.  109-110, 1899. 
Brief  summary  of  occurrence  of  gold  and  coal. 

477  The  Kadiak  Islands.     The  Alaska  Peninsula  and  the  Aleutian 

Islands  [Alaska]. 
U.  S.  Geol  Surv.  Expl.  in  Alaska,  pp.  113-117, 1899. 
Describes  physiographic  features  and  occurrence  of  gold  and  coal. 

478  Schrader  (F.  C.)  and.     [Notes  on  the  geolog}-  of  portions 

of  Alaska]. 

See  Schrader  (F.  C.)  and  Mendenhall  (W.  C.) .    No.  572. 

479  Mercer  (Henry  C).     The  bone  cave  at  Port  Kenned}^  Pennsyl- 

vania, and  its  partial  excavation  in  1894,  1895,  and  1896. 

Phil.  Acad.  Nat.  Sci.,  Jour.,  2nd  ser.,  vol.  xi,  Part.  II,  pp.  269-285,  figs. 
1-2, 1899. 

Describes  the  occurrence  of  the  fossil  remains  in  the  cave  and  the 
methods  of  excavation. 

480  Merriam  (John  C).     The  Tertiary  sea-urchins  of  middle  Cali- 

fornia. 

Cal.  Acad.  Sci.,  Proc.,  3rd  ser.,  Geol.,  vol.  i,  No.  5,  pp.  lttl-170,  pte. 
xxi-xxii,  1899.  " 

Describes  the  history,  relationship,  and  characters  of  the  species. 

481  The  fauna  of  the  Sooke  beds  of  Vancouver  Island. 

Cal.  Acad.  Sd.,  Proc.,  3rd  ser.,  Geol.,  vol.  i,  No.  6,  pp.  175-179,  pi.  xxiii, 
1899. 

482  Merrill  (George  P.).     A  discussion  of  the  use  of  the  terms  rock- 

weathering  serpentinization  and  hydrometamorphism. 

Geol.  Mag.,  dec.  iv,  vol.  vi,  pp.  354-358;  Am.  Geol.,  vol.  xxiv,  pp.  244- 
250, 1899. 

Discusses  the  effects  of  rockweatheruigand  accompanying  phenomena. 
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488  Merrill  (George  P.).     Preliminary  note  on  new  meteorites  from 

Allegan,  Michigan,  and  Mart,  Texas. 
Science,  new  eer.,  vol.  x,  pp.  770-771, 1889. 
Describes  occurrence  and  character  of  the  material. 

484 A  consideration  of  some  little  known  American  ornamental 

stones. 

Stone,  vol.  xix,  pp.  225-230, 1899. 

485  Merriman  (Mansfield).     The  slate  regions  of  Pennsylvania. 

Stone,  vol.  xvii,  pp.  77-90.    Review:  Am.  GeoL,  vol.  xxiii,  p.  S28 

(51.),  1899. 

486  MiUer  (Willet  O.).     C!orundum  and  other  minerals  [Ontario]. 

Ont  Bur.  of  Mines,  vol.  viii,  pp.  205-240,  pis.  xxviii-xxxii,  1899. 
Describes  occarrenoe  in  Ontario  and  other  countries. 

487 Notes  on  prospecting  for  corundum. 

Can.  Inst,  Proc.,  new  ser.,  vol.  ii,  pp.  23-26, 1899. 
Ck>ntains  notes  on  occurrence  of  corundum  in  Ontario. 

488 Notes  on  the  corundum-bearing  rocks  of  eastern  Ontario, 

Canada. 

Am.  €reol.,  vol.  xxiv,  pp.  276-282,  pi.  xiii,  1899. 
Describes  the  microscopic  and  chemical  characters  and  occurrence  ol 
the  corundum. 

489  BCnor  (Philip).     A  theory  of  genesis  of  ore  deposits. 

Min.  and  Sci.  Press.,  vol.  IxxLf,  p.  747,  1899. 

490  Monroe  (Charles  E.)  and  Teller  (Edgar  E.).     The  fauna  of  the 

Devonian  formation  at  Milwaukee,  Wisconsin. 

Jour,  of  Geol.,  vol.  vii,  pp.  272-283,  1899. 

Describes  occurrence  of  the  Devonian  strata  and  gives  lists  of  fossils 
collected. 

491  Moses  (Alfred  J.).     The  characters  of  ciystals:  an  introduction 

to  physical  crystallography. 

Van  Nostrand  Co.,  N.  Y.,  211  pp.,  1899.     Review:  Am.  Geol.,  vol. 
xxiii,  p.  389(Jp.),  1899. 

492  Mosnat  (H.  R.).     Artesian  wells  of  the  Belle  Plaine  area  [Iowa]. 

Iowa  Greol.  Surv.,  vol.  ix,  pp.  623-562,  pis.  xii-xiii,  figs.  53-56,  1899. 

498  Mndge  (E.  H.).     Mouth  of  Grand  River  [Michigan]. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  31-34,  1899. 
Describes  glacial  phenomena  in  western  Michigan. 

494  Muldrow  (Robert),   Eldridge    (O.    H.)    and.    Report    on    the 

Sushitna  expedition  [Alaska.] 
See  Eldridge  (G.  H; )  and  Muldrow  (R. ).    No.  172. 

495  Myers  (P.  C).     Report  on  a  fossil  diatomaceous  deposit  in  Mus- 

catine County,  Iowa. 
Iowa  Acad.  Sci.,  Proc.,  vol.  vi,  pp.  52-53,  1899. 
GivoB  a  Hat  of  fosBilB  found. 
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496  Nevins  (J.  Nelson).     Fibrous  talc  in  St.  Lawrence  County,  New 

York. 

Eng.  and  Min.  Jour.,  vol.  Ixvii,  pp.  234,  235,  3  figs.,  1899. 
Describes  the  general  geology  of  the  region  and  the  occurrence  and 
origin  of  the  talc. 

497  Nei^Bom  (J.   F.).     The  eflfect  of  sea  barriers    upon    ultimate 

drainage. 

Jour,  of  Geol.,  vol.  vii,  pp.  446-461,5  figs.,  1899. 

498  Nicol  (Wm.).     Crystallized  pyrrhotite  from  Frontenac  County 

[Ontario]. 

Can.  Rec.  Sci.,  vol.  vii,  pp.  477-478,  figs.  1-3,  1898. 
Describes  crystallographic  character. 

499  NordenslijSld  (Otto).     Die  geologischen  Yerhftltnisse  der  Goldla- 

gerstfttten  des  Klondikegebietes. 
Zeit  furprak.  Geol.,  1899,  Heft  III,  pp.  71-83  and  map,  1899. 

500  Preliminary    notes   on  the  surface  geology  of  the  Yukon 

Territory  [Alaska]. 

Am.  Geol.,  vol.  xxiii,  pp.  288-298,  1899. 

Deecrihes  the  character  and  origin  of  the  physical  features  of  the 
region. 

501  Norton  (W.  H.).     Geology  of  Scott  County  [Iowa]. 

Iowa  Greol.  Surv.,  vol.  ix,  pp.  393-619,  pis.  viii-xi,  figs.  41-52,  and 
geologic  map,  1899.  *  ••  ' 

Describee  the  physiography  and  drainage,  the  character  and  occur- 
rence of  the  Silurian,  Devonian,  Carboniferous,  and  Pleistocene  depos- 
its, and  the  occurrence  of  coal,  building  stone,  clay,  and  other  economic 
products. 

O. 

602  O'Harra  (C.  C.)  and  Torsyth.  (A.).     Notes  on  the  geology  and 
mineral  deposits  of  a  portion  of  the  southern  Black  Hills, 

S.  Dak. 

S.  Dak.  School  of  Mines,  Bull.,  41  pp.,  11  figs.,  1899. 

Describes  the  general  geology  and  character  and  occurrence  of  the 
metamorphic  rocks. 

508  OrdoSez  (Ezequiel)  and  Rangel  (Manuel).     El  Real  del  Monte 
[Mexico]. 

Mexico  Inst  Geol.,  Bull.  No.  12,  166  pp.,  21  pis.,  9  figs.,  1899. 
Describes  the  physiography,  the  mineral  resources,  and  the  general 
geology  of  the  region. 

604  Orton  (Edwaixi).     The  rock  waters  of  Ohio. 

U.  S.  Geol.  Surv.,  19th  Ann.  Kept,  Pt.  IV,  pp.  637-717,  pis.  Ixxi- 
ixxiii,  1899. 

DeBcribee  the  lithologic  characters  of  the  geologic  subdivisions  of  Ohio 
and  the  oocarrence  and  character  of  the  undeiground  waters. 
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505  Orton   (Edward).     Geological   struciture   of   the    lola    gas   field 

[Kansan]. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  99-106,  pi.  ii,  1899.  Abstracts:  Am, 
Geol.,  vol.  xxiii,  pp.  101-102;  Science,  new  ser.,  vol.  ix,  pp.  138-139, 
1899. 

Describes  general  geology  of  the  region  and  the  occurrence  and  char- 
acter of  the  gafl-l)earing  rocks. 

506  Petroleum  and  natural  gas  in  Now  York. 

N.  Y.  State  Mus.,  Bull.,  vol.  vi,  No.  30,  pp.  399-626, 1899.     (Not  seen.) 

507  The  geology  of  Columbus  and  vicinity  [Ohio]. 

Abstract:  Science,  new  ser.,  vol.  x,  p.  487  (11  1.),  1899. 

508  Osbom    (Heniy    Fairfield).     A    complete    mosasaur    skeleton, 

osseous  and  (cartilaginous.  • 

Am.  Mus.  Nat.  Hist,  Mern.,  vol.  i,  pp.  167-188,  j)l8.  xxi-xxiii,  15  figs., 
1899.     Abstract:  Science,  new  ser.,  vol.  x,  pp.  919-925,  3  figs.,  1899. 

509  A  skeleton  of  Diplodocus. 

Am.  Mus.  Nat.  Hist,  Mem.,  vol.  i,  pp.  191-214,  pis.  xxiv-xxvih, 
figs.  1-14,  1899.  Abstract:  Science,  new  ser.,  vol.  x,  pp.  870-874,  fig.  1, 
1899. 

510 Origin  of  manmials. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  92-96,  1899. 

511  Frontal  horn  on  Ac«ratherium  incisivum. 

Science,  new  ser.,  vol.  ix,  pp.  161-162,  pi.  i,  1899. 


512  Palache  (Charles).     The  crystallization  of  the  ca^cite  from  the 

copper  mines  of  Ijake  Superior. 
Mich.  (Jeol.  Sur\'.,  vol.  vi,  Pt  II,  appendix,  pp.  161-184,  6  pis.,  1898. 

513  Powellite  crystals  from  Michigan. 

Am.  Jour.  vSci.,  4th  ser.,  vol.  vii,  pp.  367-369,  1899. 
rescriljes  crystal lographic  characters  of  the  material. 

514 Epidote  and  garnet  from  Idaho. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  299-302,  1899. 

Describes  occurrence  and  crystallographic  characters  of  the  material. 

515  Parks    (William    Arthur).     The    Nipissing-Algoma    boundary 

[Ontario]. 

Ont.  Bur.  of  Mines,  vol.  viii,  pp.  175-196,  \)\h.  xiii-xx,  1899. 
r)(»i*(!ribei?  the  phyHiography  and  drainage  of  the  region  and  occurrence 
of  Devonian  rocks. 

516  Parmenter  (C.  S.).     Fossil  turtle  cast  from  the  Dakota  epoi*h. 

Kans.  Acad.  Sci.,  Trans.,  vol.  xvi,  p.  67,  pi.  iv,  1899. 

517  Patton  (Horace  B.).     Tourmaline  and   tourmaline  schists  from 

Belcher  Hill,  Colorado. 
(reol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  21-26,  pis.  i-ii,  1899. 
Describees  occurrence  of  tourmaline  as  vein  mineral  and  impregnating 
schists  and  discusses  origin. 
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618  Pearson  (H.  W.).     Is  the  so-callecl  '*lTpho4wal  of  Scandanavia" 
apparent  or  real  ? 

Am.  GeoL,  vol.  xxiv,  pp.  192-196,  1899. 

Discusses  the  variation  of  coast  lines  as  effet*te<l  by  tide  and  (nirrents 
to  explain  the  phenomena  ascribed  to  continental  upheaval. 

519  Peckhaxn  (S.  F.).     Genesis  of  bitumen  as  related  to  c^heniical 

geology. 
Abstract:  Am.  Geol.,  vol.  xxiii,  p.  327,  (4  1.)  1899. 

520  Penfield  (S.  L.)  and  Foote  (H.  W.).     Chemical  composition  of 

tourmaline. 

Am.  Jour.  S(u. ,  4th ser.,  vol.  vii,  pp.  97-125, 18^)9.  Abetnurt:  Am.  GeoL, 
vol.  xxiii,  p.  325  ( 1  p. ),  1899. 

Reviews  the  literature  on  tounualine  and  descrilxis  metho<1s  of  analy- 
sis, the  results  obtained,  and  the  constitution  of  tourmaline. 

521  and* "Warren  (C.  H.).     Chemical  composition  of  pai'asiteand 

a  new  occurrence  of  it  in  Ravalli  Co.,  Montana. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  21-24, 1  fig.,  1899.  Review:  Am. 
Geol.,  vol.  xxiv,  p.  318  (i  p. )» 1899. 

Describes  cry^tallographic  and  chemi(;al  characters  of  the  material. 

522 Some  new  minei'als  from  the  zinc  mines  at  Fi^anklin, 

N.  J.,  and  note  concerning  the  chemical  composition  of 
ganomalite. . 

Am.  Jour.  Sen.,  4th  ser.,  vol.  viii,  pp.  339-353, 1899. 
Describes  occurrence   and   character   of   brancockite,  glauco<;hroite, 
nasonite,  ganomalite,  leucophcenicite. 

523  Perrine  (Charles  D.).     Earthquakes  in  California  in  1898. 

IT.  S.  Geol.  Surv.,  Bull.  No.  161, 31  pp.,  1899. 

524  Peters  (W.  J.)  and  Brooks  (Alfred  H.).     Report  on  the  White 

River-Tanana  expedition  [Alaska]. 

U.  S.  Geol.  Surv.,  Expl.  in  Alaska,  pp.  64-75, 1899. 
Describes  physiography,  the  occurrence  of  metamorphic  an<l  sedi- 
mentary rocks,  and  occurrence  of  gold  and  c/)pper. 


525  Phillips   (Alexander  Hamilton).       Mineralogical   structure  and 

chemical  composition  of  the  trap  of  Rocky  Hill,  N.  J. 

Am.  Jour.  Sci.,  4th  ser., vol.  viii,  pp.  267-285, 1899.  Review:  Am.  Geol., 
vol.  xxiv,  p.  321  (8  1.),  1899. 

Descril)es  the  megascopic,  microscopic,  and  chemical  character  of  the 
dike  rock. 

526  Pirsson  (L.  V.).     [Review  of  "The  educational  series  of  rock 

specimens  collected  and  distributed  by  the  U.  S.  Greological 
Survey,"  by  J.  S.  Diller.] 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  p.  74  (i  p. ),  1899. 
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5S7  Plrsson  (L.  V.)-     PKenocrysta  of  intrusive  i^eoua  rocks. 

Am.  Jour. Sci., 4th  ser.,  vol.  vii, pp. 271-280, 1899.  Reviewer  Am.  G« 
vol.  xxiii,  p.  106  (i  p.),  vol.  xxiv, pp.  180-181  (1  p.);  Sdence,  new  se 
vol.il, p.  142  dp.),  1899. 

Describes  the  occurrence  of  phenocryala  Mid  the  evidences  indicati 
that  they  have  been  formed  in  place. 

688  [Reviews  of  "  Pre-CambriBn  igneous  rocks  of   Fox  Riv 

Valley,  Wisconsin,"  by  S.  Weidman;  and  "West  Virgir 
Geological  Survey,  vol.  i."] 
Am.  Jour.  Sd. ,  4th  ser. ,  vol.  vii,  pp.  398-399, 1899. 

629 [Review  of  "Geological  Survey  of  Michigan,  vol.  vi,  189 

1897,"  and  "Report  on  gypsum  and  gypeum  cement  pli 
tors,"  by  G.  P.  Grimsley  and  E.  H.  S.  Bailey.] 
Am.  Jour.  8ci.,  4th  ser.,  vol.  viii,  pp.  466-467, 1899. 

680  Port  {W.  S.),  SpniT  (J.   E.)  and.     Report  on  the'  Kuskokwi 
expedition  [Alaska]. 
SeeSpurr  (J.E.)  and  Poet  (W.S.),  No.  601. 

531  Pratt  (J.  H.).  Occurrence,  origin,  and  chemical  conapoHition 
chromite. 

Am.  Jonr. Sci.,  4th  ser.,  vol.  vii,  pp.  281-286, 1609.  Review:  Am. Get 
vol.i3dv,p.l81  (Ip.),  1899. 

Includes  deacription  of  the  Webst«r  ohromite  for  which  the  na; 
mitchellite  is  proposed. 

632  Separation  of  alumina  from  molten  magmas,  and  the  fom 

tion  of  corundum. 

Am.  Jour. Sci., 4th  ser.,  vol.  viii, pp. 227-231, 1899.    Review:  Am. Ge< 
vol.  ixiv,  pp.  319-321  (1  p.), 1899. 
Gives  resulb)  of  field  observations  and  latmratory  ei[perimenl& 

533 Notes  on  North  Carolina  minerals. 

Abstract:  Am. Geol.,  vol. ixiii, pp. 325-326  (J  p.),  1899. 

634  See  Judd  (J.  W.)  and  Hiddon  (W.  E.),  No.  367. 

535  Prosier   (Charles   S.).      Correlation  of   Carboniferous  rocks 
Nebraska  with  those  of  Kansas. 
Jour,  of  Geo!.,  vol.  vii,  pp.  342-356, 1899. 

Describes  character,  occurrence  and  relations  of  the  Carbonifert 
rocks  of  the  region. 

536 Note  on  the  distribution  of  the  Cheyenne  sandstone. 

Kan.  Univ.  Quart.,  vol.  viii,  pp.  135-136,  1899. 
Describes  distribution  in  KansaB, 


637  Ptirdae  (A.  H.).     [Review  of  "The  Department  of  geology  a 
laturalresourcesof  Indiana, Twenty 
Jour,  of  Geol.,  vol.  vii,  pp.  720-721,  1890. 


J  ;  natural  resourcesof  Indiana,  Twenty-third  Annual  Report 
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638  Purington  (Chester  Wells).     Elconomic  geology  [of   Telluride 

quadrangle,  Colorado]. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  No.  57, 1899. 

Describes  the  fissures  and  veins  of  the  region,  and  the  oocorrenoe, 
character,  and  origin  of  the  gold  and  silver  ores. 


539  Rangel  (Manuel),  OrdoSez  (Ezequiel)  and.     EI  Real  del  Monte. 

See  Ordofiez  (E.)  and  Rangel  (M.),  No.  503. 

540  Ransoxne  (F.  L.).     New  occurrence  of  nepheline  syenite  in  New 

Jersey. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  417^426, 1899. 
Describes  occurrence  of  the  syenite  and  associated  rocks,  and  the 
chemical  and  microscopical  characters  of  the  material  collected. 

541  Turner  (H.  W.)  and.     Big  Trees  folio,  California. 

See  Turner  (H.  W.)  and  Ransome  (F.  L.),  No.  639. 

542  Reed  (F.  R.  Cowper).     A  new  trilobite  from  Mount  Stephen, 

Field,  B.  C. 

Geol.  Mag.,  dec.  iv,  vol.  vi,  pp.  358-361, 1  fig.,  1899. 
De8t!ril)es  Oryctocephalus  reynoldsi  n.  sp. 

543  Reese  (C.  L.).     Petroleum  inclusions  in  quartz  crystals. 

Am. Chem.  Soc.,  vol.  xx,  pp.  795-797.    (Not seen).   Review:  Am. Geol., 
vol.xxiii,p.328  (3,1.),  1899. 

544  Reid  (Harry  Fielding).     Stratification  of  glaciers. 

Abstract:  Geol.  Soc.  Am.  Bull.,  vol.  x,  pp.  4-5, 1899. 
Describes  observations  of  stratification  of  glaciers. 

545  The  variations  of  glaciers,  IV. 

Jour,  of  Geol.,  vol.  vii,  pp.  217-225, 1899. 

Contains  summary  of  3d  annual  report  of  international  committees 
on  glaciers. 

546  Ries  (Heinrich).     A  report  on  Louisiana  clay  samples. 

La.  Exp.  Stat.,  Part  V,  pp.  263-275, 1899. 

Describes  the  origin,  structure,  and  chemical  and  physical  properties 
of  the  clays. 

547  The  ultimate  and  rational  analysis  of  clays  and  their  relative 

advantages. 

Am.  Inst.  Min.  Engrs.,  Trans.,  vol.  xxviii,  pp.  160-166, 1899. 

548  Rickard  (Forbes).     Notes  on  the  vein  foi-mation  and  mining  of 

Gilpin  County,  Colorado. 

Am.  Inst,  of  Min.  Engrs.,  Trans.,  vol.  xxviii,  pp.  108-126, 6 figs.,  1899. 
Describes  the  character  and  occurrence  of  the  ore  bodies  and  veins. 

549  Rickard  (T.  A.).     The  Cripple  Creek  gold  field  [Colorado]. 

Min.  and  Sci.  Press,  vol.  Ixxix,  pp.  688-689  (3  figs.),  pp.  716-717 
(3  figs. ),  and  p.  744, 1899. 
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660  Riggs  (£.  S.)-     The  Milaguludse;  an  extinct  family  of  sciuio- 
morph  rodents. 
Field  Col.  Mus.,  Geol.  ser.,  vol.  i,  pp.  181-187, 3  figs.,  1899. 

561  Rogers  (Austin  F.).     Cupro-goslarite,  a  new  variely  of  zinc  sul- 
phate. 

Kan.  Univ.  Quart.,  vol.  viii,  pp.  106-106, 1899. 
Describes  occurrence  and  chemical  character. 

682  Normal  ankerite  from  Phelps  County,  Missouri. 

Kan.  Univ.  Quart.,  vol.  viii,  p.  183, 1899. 
Describes  occurrence  and  chemical  character. 

663 Beede  (J.  W.)  and.     New  and  little  known  pelecypods  from 

the  Coal  Measures. 

See  Beede  (J.  W. )  and  Rogers  (A.  F. ),  No.  46. 

664  Ropes  (Leverett  S.).     Corundum  mining  in  North  Carolina  and 

Georgia. 
The  Mineral  Industry  for  1898,  vol.  vii,  pp.  18-20, 1899. 
Contains  notes  on  the  occurrence  of  corundum. 

665  Roy  (Andrew).    Jackson  County,  Ohio. 

Mines  and  Minerals,  vol.  xix,  pp.  254-255, 1899. 
Describes  occurrence  of  coal. 

666  Russell  (Israel  C).     [Remarks  on  the  use  of  the  term  plutonic 

plugs.] 

Jour,  of  Geol.,  vol.  vii,  pp.  96-97, 1899. 

667 [Review  of  "The  physiography  and  geology  of  the  Nicara- 

guan  Canal  route,"  by  C.  Willard  Hayes.] 

Am.  Nat.,  vol.  xxxiii,  pp.  679-688, 1899. 

658  Geology  of  Cascade  Mountains,  in  Washington. 

Al)Htracte:  Am.  Geol.,  vol.  xxiii,  p.  96  (1  p. ) ;  Science,  new  ser.,  vol.  ix, 
pp.  103-104, 1899. 

s. 

569  Safford  (J.  M.)  and  Schuchert  (Charles).     Camden  chert  of  Ten- 
nessee and  it^  Lower  Oriskany  fauna. 
Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  429-432, 1899. 
Describes  the  character  and  occurrence  of  the  strata  and  its  contained 
fauna.     Discusses  correlation  with  Clear  Creek  limestone  of  Illinois. 

660  Salisbury  (R.  D.).     Report  on  surface  geology  [New  Jersey]. 

N.  J.  Geol.  Surv.,  Rept.  for  1898,  pp.  1-41,  pi.  i,  figs.  1-8, 1899. 
Describes  the  origin  of  some  of  the  soils  of  the  State. 

661  [Review  of  '^Rivers  of  North  America;  a  reading  lesson  for 

students  of  geography  and  geology,"  by  I.  C.  Russell;  and 

''Earth  sculpture  or  the  origin  of  land  forms,"  by  J.  Greikie; 

and  ''Physical  Geography,"  by  W.  M.  DavLsu] 
Jour,  of  Geol.,  vol.  vii,  pp.  511-516, 1899. 


WEM8.]   PALEONTOLOGY,  PETBOLOGY,  AND  MINEBALOOY,  18W.  67 

662  Salisbury  (R.  D.).  [Review  of  "The  geology  and  physical  geog- 
raphy of  Jamaica;  study  of  a  type  of  AntUlean  develop- 
ment," by  Robert  T.  Hill.] 

Jour,  of  Geol.,  vol.  vii,  pp.  815-824, 1809. 

563  [Review  of  "Shoreline  topography,"  by  F.  P.  Gulliver.] 

Jour,  of  GeoL,  vol.  vii,  pp.  827-829, 1899. 

664- and  Alden  (W.  C).    The  geography  of  Chicago  and  its 

environs. 
Chicago  Geog.  Soc. ,  Bull.  No.  1, 64  pp. ,  1899.     (Not  seen. ) 

666  Sardeson  (F.  W.).     A   new  cystocrinoidean   species  from    the 
Ordovician. 
Am.  Geol.,  vol.  xxiv,  pp.  26^276,  pi.  xii,  1899. 

Describes  Strophocrinus  dicyclicus  n.  gen  ct  sp.  and  discusses  the  rela- 
tionship of  Crinoidea  and  Gystoidea. 

666  What  is  the  loess? 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  58-60, 1899. 
Describes  occurrence  and  origin  of  the  loess. 

667  Lichenaria  typa  W.  and  S. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  101-105, 1899. 

Reviews  the  literature  on  this  species  and  describes  its  character. 

668  Hall  (C.  W.)  and.     Ek)lian  deposits  of  eastern  Minnesota, 

See  Hall  (C.  W. )  and  Sardeson  (F.  W. ) ,  No.  274. 

669  Schmitz  (E.  J.).     Notes  on  a  reconnaissance  from  Springfield, 

Mo.,  into  Arkansas. 

Am.  Inst.  Min.  Engrs.  Trans.,  vol.  xxviii,  pp.  264-270, 1899. 
Describes  general  geologic  features  and  occurrence  of  zinc  ores  in  the 
region. 

670  Schrader  (F.  C).     Report  on  Pi'ince  William  Sound  and    Hie 

Copper  River  region  [Alaska]. 

U.  S.  Geol.  Surv.,  Expl.  in  Alaska,  pp.  51-63, 1899. 

Describes  the  physiography,  the  oc(!urrence  of  Cretaceous  or  Tertiary 
strata,  and  the  occurrence  of  copper  and  gold. 

671  The   Prince  William    Sound  and    Copper  River  country 

[Alaska]. 
U.  S.  Geol.  Surv. ,  Expl.  in  Alaska,  pp.  105-108, 1899. 
Describes  physiography  of  the  region. 

672  and  Mendenhall  (W.  C).     [Notes  on  geology  of  portions 

of  Alaska.] 
Abstract:  Science,  new  ser.,  vol.  ix,  pp.  551-552, 1899. 

673  Schuchert  (Charles).    The  fossil  field's  expedition  to  Wyoming. 

Science,  new  ser.,  vol.  x,  pp.  725-728, 1899. 

Gives  an  account  of  the  expedition  and  the  results  obtained. 
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574  Schuchert  (Charles),  Clarke  (John  M.)  and.  The  nomenclature 
of  the  New  York  series  of  geological  formations. 

See  aarke  (J.  M.)  and  Schuchert  (C),  No.  101. 

676  Safford  (J.  M.)  and.     Camden  chert  of  Tennessee  and  its 

Lower  Oriskany  fauna. 
See  Safford  (J.  M. )  and  Schuchert  (Chas. ),  No.  559. 

576  Scott  (W.  B.).  The  Selenodont  Artiodactyls  of  the  Uinta 
Eocene. 

Wagner  Free  Inst,  of  Sci.,  Trans.,  vol.  vi,  xiii  and  121  pp.,  4  pla,,  1899. 

Describes  the  general  features  of  the  Uinta  Basin  and  the  chanu-terR 
of  the  material  collected,  and  gives  a  summary,  phylogenetic  table,  and 
references  to  literature. 

677  Shaler  (N.  S.).     Loess  deposits  of  Montana. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  245-252, 1899. 

Describes  stratigraphy  and  age  of  the  loess  and  influences  affecting  its 
formation. 

578  Formation  of  dikes  and  veins. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  253-262, 1899. 

Describes  modes  of  occurrence,  causes  of  diversity,  and  comparison 
with  vein  fissures. 

679  Spacing  of  rivers  with  reference  to  hypothesis  of  base- 
leveling. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  263-276, 1899. 

Describes  erosion  of  small  streams  and  torrents,  and  the  bearing  of  the 
evidence  of  base  leveling.  Discusses  hypothesis  of  base  leveling  and 
river  spacing. 

580 [Dikes  and  veins.] 

Abstract:  Science,  new  ser.,  vol.  ix,  p.  33  dp.),  1899. 

581  and  Wood'worth  (J.  B.).     Geology  of  the  Richmond  Basin, 

Virginia. 

U.  S.  Geol.  Surv.,  19th  Ann.  Kept.,  Pt.  II,  pp.  385-520,  pis.  xviii-lii,  figs. 
90-116,1899. 

Describes  the  character  and  occurrence  of  the  Juratrias  rocks,  the 
occurrence  and  character  of  the  igneous  rocks,  and  the  geology  of  the 
region. 

682 and  Foerste   (A.  F.).     Geology  of  the  Narragan.sett 

Basin. 
U.  S.  Geol.  Surv.,  Mon.  XXXIII,  402  pp.,  31  pis.,  30  figs.,  1899. 
Gives  a  description  of  the  glacial  history,  the  character  and  occurrence 
of  the  Carboniferous,  Algonkian,  and   Cambrian  rocks,   the  geologic 
structure,  and  occurrence  of  coal.     Contains  a  bibliography. 


683  Shimek  (B.).     The  distribution  of  loess  fossils. 

Jour,  of  Geol.,  vol.  vii,  pp.  122-140, 1  fig.,  1899. 

Describes  distribution  in  Mississippi  Valley  and  gives  a  list  of  foesilB 
collected  at  Co\md\  liYvi^^lo^^i.. 
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584  Shimek  (B.).     The  distribution  of  loess  fossils. 

Iowa  Acad.  Sci.,  Proc.,  vol.  vi,  pp.  98-113, 2  figs.,  1899. 

585  Siebenthal  (C.  E.).     The  Bedford  oolitic  limestone. 

The  Mineral  Industry  for  1898,  vol.  vii,  pp.  479-482, 1899. 
Describes  character  and  occurrence  in  Indiana. 

586  Sixnonds  (Frederic  W.).     Recent  publications   relating  to  the 

geology  of  Texas. 

Tex.  Acad.  iSci.,  Trans.,  vol.  ii,  pp.  86-91, 1899. 

Reviews  "The  Lower  Cretaceous  Gryphseas  of  the  Texas  region"  and 
'*  Geology  of  the  Edwards  Plateau  and  Rio  Grande  Plain  adjacent  to 
Austin  and  San  Antonio,  Texas,  with  reference  to  the  occurrence  of 
underground  waters,''  by  R.  T.  Hill  and  T.  Way  land  Vaughan. 

587  A  consideration  of   the  interpretation  of  unusual  events  in 

geologic  records  illustrated  by  recent  examples. 

Abstract:  Am.  Assoc.  Adv.  Sci.,  Proc.,  vol.  xlviii,  p.  227  ( J  p. ) ;  Science, 
new  ser.,  vol.  x,  p. 489  (J  p.),  1899. 

588  [Review  of   ^'The  Lower    Cretaceous    Gryphssas    of    the 

Texas  region,"  by  R.  T.  Hill  and  T.  W.  Vaughan.] 
Science,  new  ser.,  vol.  ix,  pp.  110-111, 1899. 

589  Slichter  (C.  S.).     Theoretical  investigations  of    the  motion   of 

ground  waters. 

U.  S.  Geol.  Surv.,  19th  Ann.  Rept,  Pt  II,  pp.  295-384,  pi.  xvii,  figs. 
54-^,  1899. 

590  Sloctixn  (Charles  E.).     The  relative  ages  of  the  Maumee  Glacial 

lake  and  the  Niagara  gorges. 

Abstracts:  Am.  Assoc.  Adv.  Sci.,Proc.,  vol. xlviii, pp. 227-228  (J  p.); 
Science,  new  ser.,  vol.  x,  p.  499  ( J  p. )>  1899. 

591  SloBSon  (E.  E.),  ELnight  (W.  C.)  and.     The  oil  fields  of  Crook 

and  Uinta  counties,  Wyoming. 
See  Knight  ( W.  C. )  and  Sloeson  ( E.  E. ),  No.  390. 

592  Smith  (Alva  J.).     Fusulina  cylindrica  shell  structure. 

Kan.  Acad.  Sci.,  Trans.,  pp.  64-65,  figs.  1-4, 1899. 

593  Smith  (G.  O.),  Tower  (G.  W.,  jr.)  and.     Geology  and  mining 

industry  of  the  Tintic  district,  Utah. 
See  Tower  (G.  W.,jr.)  and  Smith  (G.O.),  No.  632. 

594 "Willis  (B.)  and.     Tacoraa  folio,  Washington. 

See  Willis  (B.)  and  Smith  (G.  0.),  No.  746. 

595  Smith  ((V.  S.  Tangier).     Some  aspects  of  erosion  in  relation  to 
the  theory  of  the  peneplain. 
Univ.  of  Cal.,  Dept  of  Geol.,  Bull.,  vol.  ii,  pp.  165-178, 1899. 
Discueses  objections  to  the  theory  of  peneplains  and  a  modification  of 
the  use  of  the  term. 
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596  Smyth  (C.  H.,  jr.).     Geology  of  the  Adirondack  region. 

Appalachia,  vol.  ix,  No.  1,  pp.  44-51, 1899. 

Describes  general  character  and  occurrence  of  the  igneous  rock& 

597  Smyth  (H.  L.),  Clements  (J.  M.)  and.     The  Crystal  Falls  iron- 

bearing  district  of  Michigan. 

See  aements  (J.  M.)  and  Smyth  (H.  L.),  No.  105. 

698  Springer  (Frank).     Notice  of  a  new  discovery  concerning  Uinta- 

crinus. 
Am.  Geol.,  vol.  xxiv,  p.  92, 1899. 
Describes  peculiar  features  of  Uintacrinus. 

599  Spurr  (Josiah  Edward).     Lakes  Iliamna  and  Clark.     The  Nush- 

agak  River.     The  coast  from  Bristol  Bay  to  the  Yukon. 

The  Kuskokwim  drainage  area.     From  the  Yukon  mouth 

to  Point  Barrow.     The  Kowak  River,  the  Noatak  River. 
U.  S.  Geol.  Surv.,  Expl.  m  Alaska,  pp.  118-129, 1899. 
Notes  on  routes  of  travel  and  occurrence  of  gold. 

600  — —  Greology  of  the  Aspen  mining  district,  Colorado. 

Review:  Am.  Geol.,  vol.  xxiv,  pp.  307-308, 1899. 
See  Bibliography  and  Index  for  1898,  No.  739a. 

601  and  Post  (W.  S.).     Report  on  the  Kuskokwim  expedition 

[Alaska]. 

U.  S.  Geol.  Surv.,  Expl.  in  Alaska,  pp.  28-39, 1899. 

Describes  the  physiography,  the  occurrence  of  volcanic,  Juratrias, 
and  Tertiary  rocks,  and  the  occurrence  of  gold-bearing  gravels. 

602  Squier  (G.  H.).     Studies  in  the  driftless  region  of  Wisconsin. 

Jour,  of  Geol.,  vol.  vii,  pp.  79-82, 1899. 

Describes  evidences  of  glacial  action  in  the  region. 

603  Stanton  (Timothy  W.).     Mesozoic  fossils  [Yellowstone  National 

Park]. 

U.  S.  Geol.  Surv.,  Mon.  XXXII,  Pt.  II,  pp.  600-660,  pis.  lxxii-lxx\n, 
1899. 

Describes  the  relations  of  the  faunas  of  the  several  horizons  and  the 
characters  of  the  fossils  collected. 

604  Steams  (Robert  E.  C).     Description  of  a  species  of  Acteeon  from 

the  Quaternary  bluffs  at  Spanish  Bight,  San  Diego,  Cal. 

U.  8.  Nat.  Mus.,  Proc.,  vol.  xxi,  pp.  297-299, 1  fig.,  1899.  Published  in 
1898. 

605  Stevenson  (John  J.).     Our  society. 

Geol.  Soc.  Am.  Bull.,  vol.  x,  pp.  83-98, 1899. 

Gives  a  historical  sketch  of  the  Greological  Society  of  America  and  an 
account  of  the  general  results  of  several  official  geological  surveys. 

606 [Review  of  "West  Virginia  Geological  Survey,  vol.  i,  1899."] 

^  Science,  new  eer. ,  vol,  x,  pp.  652-653, 1899. 
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607  Stevenson  (John  J.).    The  section  at  Schoharie,  N.  Y. 

Abstract:  Science,  new  ser.,  vol.  x,  pp.  736-736, 1899. 
Compares  the  section  with  others  of  the  Appalachians  in  Pennsyl- 
vania and  Virginia. 

608  Steivart  (Alban).     A  preliminary  description  of  the  opercular 

and  other  cranial  bones  of  Xiphactinus  Leidy. 
Kans.  Univ.  Quart,  vol.  viii,  pp.  19-21, 1899. 
Describes  material  in  the  museum  of  the  University  of  Kansas. 

609  Pachyrhizodus  minimus,  a  new  species  of   fish  from  the 

Cretaceous  of  Kansas. 

Kan.  Univ.  Quart,  vol.  viii,  pp.  37-38,  fij?.  1, 1899. 
Describes  material  from  Logan  County,  Kansas. 

610  Notice  of  three  new  Cretaceous  fishes,  with  remarks  on  the 

Saurodontidae  Cope. 

Kan.  Univ.  Quart.,  vol.  viii.,  pp.  107-112, 1899. 

611  Notes  on  the  osteology  of  Anogmius  polymicrodus  Stewart 

Kan.  Univ.  Quart,  vol.  viiL,  pp.  117-121,  pi.  xxxi,  1899. 

612 Leptichthys,  a  new  genus  of  fishes  from  the  Cretaceous  of 

Kansas. 

Am.  Geol.,  vol.  xxiv,  pp.  78-79, 1899. 
Describes  the  genus  and  one  species. 

613  Stone  (George  H.).    The  glacial  gravels  of  Maine  and  their  asso- 

ciated deposits. 

U.  S.  Geol.  Surv.,  Mon.  XXXIY,  499  pp.,  52  pis.,  36  figs.,  1899. 

Describes  the  superficial  deposits  and  the  character,  distribution, 
classification,  and  genesis  of  the  glacial  gravels.  Contains  a  discussion 
of  the  glaciation  of  the  Rocky  Mountains. 

614  Granitic  breccias  of  Grizzly  Peak,  Cal. 

Am.  Jour.  ScL,  4th  ser.,  vol.  vii,  pp.  184-186, 1899. 
Describes  the  character  and  origin  of  the  breccias. 

615  Dry  gold  placers  of  the  arid  regions. 

Mines  and  Minerals,  vol.  xix,  pp.  397-399, 1899. 
Describes  occurrence  and  methods  of  mining. 

T. 

616  Taflf  (Joseph  A.).    Geology  of  the  McAlester-Lehigh  coal  field, 

Indian  Territory.  Accompanied  by  a  report  on  the  fossil 
plants  by  David  White,  and  a  report  on  the  Paleozoic  inver- 
tebrate fossils  by  George  H.  Girty. 

U.  S.  Geol.  Surv.,  19th Ann.  Kept,  Pt.  IH,  pp.  423-693,  pis.  Ixiv-lxxii, 
figs.  77-80, 1899. 

Describes  the  physiographic  features,  character,  and  structure  ol  tha^ 
Carboniferous  strata,  and  the  occurrence,  distribution,  and  chiay^*^^"^  ^ 
the  coals  of  the  region. 
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617  Taff  (Joseph  A.).     Albertite-Iike  anphalt  in  the  Choctaw  Nation, 

Indian  Territory. 

Am.  Jour.  Sci.,  4th  eer., vol. viii, pp. 219-224, 1899.  Review:  Am.  GeoL, 
vol.  xxiv,  p.  318  (J  p.),  1899. 

Describes  character  and  occurrence  of  the  material  and  the  geologic 
features  of  the  region. 

618  Changes  in  the  Canadian  River  in  western  Choctaw  Nation, 

Indian  Territory. 
Abstract:  Science,  new  ser.,  vol.  x,  p.  26  (}^  p. ),  1899. 

619  Tarr  (Ralph  S.).     Physical  geography  of  New  York  State.     Part 

Vn.    The  Great  Lakes  and  Niagara. 

Am.  Geog.  Soc.  Bull.,  vol.  xxxi,  pp.  101-117  (4  figs.),  pp.  217-235  (10 
figs.), 315-343  (21  figs.),  1899. 

Describes  the  physiographic  and  glacial  geology  of  the  Great  Lakes 
region  and  includes  a  bibliography. 

620  Physical  geography  of   New  York  State.     Part  IX.     The 

shore  lines. 

Am.  Greog.  Soc.  Bull. ,  vol.  xxxi,  pp.  417-443, 22  figs. ,  1899. 

621  Taylor  (Frank  B.).    The    great    ice  dams  of    Lakes  Maumee, 

Whittlesey,  and  Warren. 

Am.  Greol.,  vol.  xxiv,  pp.  6-38,  pis.  ii-iii,  1899.  Review:  Jour,  of  GeoL, 
vol.  vii,  pp.  621-623, 1899. 

Describes  glacial  phenomena  in  the  Great  Lakes  region. 

622  The  Gralt  moraine  and  associated  drainage. 

Abstracts:  Am.  Assoc.  Adv.  Sci.  Proc.,  vol.  48,  p.  228  (t  pO  J  Science, 
new  ser.,  vol.  x,  pp.  489-490  ( J  p. ),  1899. 

623  Teller  (Edgar  S.),  Monroe  (Charles  E.)  and.    The  fauna  of  the 

Devonian  formation  at  Milwaukee,  Wisconsin. 

See  Monroe  (C.  E. )  and  Teller  (E.  E. ),  No.  490. 

624  Todd  (James  Edward).     The    moraines    of    southeastern  South 

Dakota  and  their  attendant  deposits. 

U.  S.  Geol.  Surv.,  Bull.  No.  158, 165  pp.,  27  pis.,  31  figs.,  1899. 

Describes  the  occurrence  and  characters  of  the  moraines,  loess,  and 
terraces  of  the  region. 

625  New  light  on  the  drift  in  South  Dakota. 

Iowa  Acad.  Sci.,  Proc.,  vol.  vi,  pp.  122-130,  pi.  v,  1899. 
Dei?cribes  glacial   de|X)8its  and  their   relations  and  fauna  in  South 
Dakota. 

626  The  geology  of  Hubbard  County  and  northwestern  portion 

of  Cass  County  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist.  Surv.,  Final  Rept,  vol.  4,  pp.  82-97,  pla. 
lix,  D-E,  1899. 
Describes  the  glacial  geology  of  the  region. 
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627  Todd    (James    Edward).     The   geology   of   Norman  and  Polk 

counties  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist  Surv.,  Final  Rept,  vol.  iv,  pp.  98-116,  pi. 
Ixii,  F-I,  fig.  9,  1899. 
Describee  the  physiography  and  glacial  history  of  the  county. 

628  The  geology  of  Marshall,  Roseau,  and  Kittson  counties  [Min- 

nesota]. 

Minn.  Geol.  and  Nat.  Hist.  Surv.,  Final  Rept,  vol.  iv,  pp.  117-130, 
pi.  Ixiii,  and  J,  fig.  10,  1899. 

Describes  the  glacial  features  of  the  region. 

629  The  geology  of  Beltrami  County  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist.  Surv.,  Final  Rept,  vol.  iv,  pp.  lSl-155, 
pi.  Ixiv,  and  K-M,  figs.  11-15, 1899. 

Describes  the  physiography  and  occurrence  of  Archean  rocks  and 
glacial  deposits  of  the  region. 

630  Tolman  (C  F.,  jr.).     The  carbon  dioxide  of  the  ocean  and  its  rela- 

tion to  the  carbon  dioxide  of  the  atmosphere. 
Jour,  of  Geol.,  vol.  vii,  pp.  585-618,  1899. 

631  [Review  of  "The  influence  of  the  carbonic  acid  of  the  air 

upon  the  temperature  of  the  ground,"  by  Svante  AiThenius.] 
Jour,  of  Geol.,  vol.  vii,  pp.  623-625,  1899. 

632  To-wer  (George  Warren,  jr.)  and  Smith  (George  Otis).    Geology 

and  mining  industry  of  the  Tintic  district,  Utah. 

U.  S.  Geol.  Surv.,  19th  Ann. Rept,  Pt.  Ill,  pp. 601-767,  pis.  Ixxiii-xcix, 
figs.  81-92,  1899. 

Describes  the  occurrence  and  character  of  the  Cambrian  and  Carbon- 
iferous strata  and  igneous  rocks,  the  volcanic  and  metamorphic  phe- 
nomena, and  the  occurrence  and  origin  of  the  ore  bodies. 

633  Turner  (Henry  W.).     Granitic  rocks  of  the  Sierra  Nevada. 

Jour,  of  Geol.,  vol.  vii,  pp.  141-162,  1  fig.,  1899.  Abstract:  Am.  Nat, 
vol.  xxxiii,  p.  552,  1899. 

Describes  occurrence  and  petrographic  and  chemical  character  of  bio- 
tite-granite,  granodiorite,  quartz-monzonite,  soda-granite,  and  aplite. 

634  Replacement  ore  deposits  in  the  Sierra  Nevada. 

Jour,  of  Geol.,  vol.  vii,  pp.  389^00,  pi.  v,  1899. 

Describes  character  and  occurrence  of  certain  ore  IxKiies  in  California 
and  the  petrographic  character  of  associated  rocks. 

635  Rock-forming  biotites  and  amphibolites.     With  analyses  by 

W.  F.  HiUebrand,  H.  N.  Stokes,  and  WiUiam  Valentine. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  294-298.  Review:  Am.  Geol.,  vol. 
xxiv,  p.  181  (tp.),  1899. 

.  Describes  general  character  of  the  materials,  and  gives  chemical 
analyeeB. 


74  BIBLIOGBAPHY    AND   INDEX    OF  N.  A,  QEOLOGY,       [toll.  171 

686  Turner  (Henr}"  W.).    The  occurrence  of  roscoelite. 

Am.  Jour.  Sci.,  4th  aer.,  vol.  vii,  pp.  455-458.     Reviews:  Min.  and 
Sci.  Prees,  Ixxix,  p.  93,  1899;  Am.  Geol.,  vol.  xxiv,  p.  318  (i  p.),  1899. 
Describes  oocorrence  and  geologic  relations  of  the  associated  rocks. 

637 The  geology  of  Yosemite  National  Park. 

Abstracts:  Am.  Greol.,  vol.  xxiii,  pp.  100-101:  Science,  newser.,  vol.  ix, 
p.  106  (91.),  1899. 

638  The  occurrence  and  origin  of  diamonds  in  Oalifomia. 

Am.  Geol.,  vol.  xxiii,  pp.  182-191;  Min.  and  Sci.  Press,  vol.  Ixxviii, 
pp.  586,  613,  1899. 

Gives  list  of  localities  where  diamonds  have  been  found  in  California, 
and  reviews  recent  literature  on  the  origin  of  diamonds. 

639 and  Ransome  (F.  L.).     Big  Trees  folio,  California. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  8.,  folio  No.  51,  1898. 
Describes  the  physiographic  features,  the  occurrence  and  character  of 
the  Bed-rock  and  Superjacent  series,  which  include  both  sedimentary 
and  igneous  rocks,  and  the  occurrence  of  the  auriferous  gravels. 

640  Tyrrell  (J.  Burr).     Glacial  phenomena  in  the  Canadian  Yukon 

district. 
Geol.  Soc.  Am.  Bull.,  vol.  x,  pp.  193-198,  pi.  xxi,  1889. 
Describes  glacial  phenomena  of  the  region. 

641  Gold  mining  in  the  Klondike  district  [Alaska]. 

Abstracts:  Am.  Geol.,  vol.  xxiii,  p.  102  (81.);  Science,  new  ser.,  voL 
ix,  p.  106  (8  1.);  Eng.  and  Min.  Jour.,  voL  Ixvii,  p.  116,  1899. 

U. 

642  IJdden  (Johan  August).     Geology  of  Muscatine  County  [Iowa]. 

Iowa  Greol.  Surv.,  vol.  ix,  pp.  251-380,  pis.  v-vii,  figs.  30-40,  and  geo- 
logic map,  1899. 

Describes  the  physiographic  features,  the  character  and  occurrence  of 
the  Silurian,  Devonian,  Carboniferous,  and  Pleistocene  subdivisions,  and 
the  occurrence  of  economic  products. 

643  The  Sweetland  Creek  beds. 

Jour,  of  Geol.,  vol.  vii,  pp.  65-78,  1899. 

Gives  several  sections  of  the  beds  and  describes  their  distribution, 
structural  relations,  and  fauna. 

644  Dipterus  in  the  American  Middle  Devonian. 

Jour,  of  Geol.,  vol.  vii,  pp.  494-495,  1  fig.,  1899. 
Describes  occurrence  of  the  Dipterus  calvini  Eastman  in  the  Devonian 
of  Iowa. 

646  Some  Cretaceous  drift  pebbles  in  northern  Iowa. 

Am.  Geol.,  vol.  xxiv,  pp.  389-390,  1899. 

646  Diatomaceous  earth  in  Muscatine  County  [Iowa], 

Iowa  Acad.  Sci.  Proc.,  vol.  vi,  pp.  53  (1  p.),  1899. 
Brief  notd  on  occMtte^xvoj^. 
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647  IJdden  (Johan  August).     The  Pine  Creek  conglomei'ate  [lowal. 

Iowa  Acad.  Sci.,  vol.  vi,  pp.  64-56, 1899. 
Describes  occorrence  and  discusses  age. 

648  IJphain  (Warren).     The  geology  of  Aitkin  County  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist.  Sorv.,  Final  Rep.,  vol.  iv.,  pp.  25-^,  pi. 
Ixii,  figs.  2-6,  1899. 

Describes  the  physiography,  occurrence  of  eruptive  and  Cretaceous 
rocks,  and  glacial  history  of  the  county. 

649  The  geology  of  Cass  County  and  of  the  part  of  Crow  Wing 

County  northwest  of  the  Mississippi  River  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist  Surv.,  Final  Rep.,  vol.  iv,  pp.  55-81,  fijwi. 
7-8,  1899. 

Describes  the  physiographic  and  gc3ologic  features  and  glacial  history 
of  the  county. 

650  Geology  of  the  region  around  Red  Lake  and  southward  to 

White  Earth  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist  Surv.,  Final  Rept,  vol.  iv,  pp.  155-165, 
pi.  W,  1899. 
Describes  physiographic  and  glacial  features  of  the  region. 

651  Evidence  of  epeiroganic  movements  causing  and  terminating 

the  Ice  age. 

Geol.  Soc.  Am.  Bull.,  vol.  x,  pp.  5-10,  1899. 

Discusses  evidences  of  high  elevation  and  late  glacial  depression  and 
its  termination  of  the  Ice  age. 

652  Glacial  and  modified  drift  in  Minneapolis,  Minn. 

Abstracts:  Am.  Assoc.  Adv.  Sci..  Proc.,  vol.  xlviii,  p.  229  (J  p.) ;  Science, 
new  ser.,  vol.  x,  p.  490  (J  p.)i  1899. 

653  Greatest  area  and  thickness  of  the  North  American  ice  sheet. 

Abstracts:  Am.  Assoc.  Adv.  Sci.,  Proc.,  vol.  xlviii,  pp.  230-231;  Science, 
new  ser.,  vol.  x,  p.  491,  1899. 

654 [Review  of  ''South  Dakota  Geological  Survey  Bull.  No.  2"]. 

Am.  Geol.,  vol.  xxiii,  p.  192  (}  p.),  1899. 

655  [Review  of  ''The  loess  of  aqueous  origin,"  by  B.  Shimek]. 

Am.  Geol.,  vol.  xxiii,  pp.  192-193,  1899. 

656  Modified  drift  in  the  Champlain  epoch. 

Am.  Geol.,  vol.  xxiii,  pp.  319-324,  1899. 

Describes  occurrence,  character,  and  classification  of  drift  deposits. 

657  [Review  of  "Iron  making  in  Alabama,"  by  W.  B.  Phillips.] 

Am.  Geol.,  vol.  xxiii,  pp. 328-329  (J  p.),  1899. 

658  [Review  of  "A  guide  to  the  study  of  the  geological  collections 

of  the  New  York  State  Museum,"  by  F.  J.  H.  Merrill.] 
Am.  GeoL,  vol.  xxiii,  p.  329  (i  p. ),  1899. 
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659  XJphain  (Warren).     Englacial  drift  in  the  Mississippi  Basin. 

Am.  GreoL,  voL  xxiii,  pp.  369-374, 1899. 

Describes  occurrenoe  and  character  of  englacial  drift  in  Hudson  Bay 
and  Upper  Mississippi  Valley  regions. 

660 [Review  of   "Summary  report  of  the  Greological  Sur\'ey 

department  of  Canada  for  the  year  1898,"  by  G.  M.  Dawson.] 

Am.  Geol.,  vol.  xxiii,  pp.  3S4-385, 1399. 

661  [Review  of  "Wells  of  northern  Indiana,"  by  Frank  Lev- 

erett.] 
Am.  Geol.,  vol.  xxiii,  p.  385  (J  p.)f  1899. 

662  [Review  of  "The  fossil  bison  of  North  America,"  by  Fred- 

erick A.  Lucas.] 

Am.  GreoL,  vol.  xxiii,  p.  385  (5  1.),  1899. 

663  [Review  of  "  West  Virginia  Greological  Survey,  vol.  i,"  by 

I.  C.  White.] 

Am.  Geol.,  vol.  xxiii,  pp.  387-389, 1899. 

664 Glacial  history  of  the  New  England  Islands,  Cape  Cod,  and 

Long  Island. 

Am.  Geol.,  vol.  xxiv,  pp.  79-92, 1899. 

Describes  epeiroganic  movements  causing  glaciation,  the  subseqoent 
deformation  of  the  region,  and  the  character  and  distribution  of  the  gla- 
cial deposits.     Inclades  a  bibliography  of  the  subject 

666  [Review  of  "  Eighteenth  Annual  Report  of  the  United  States 

Geological  Survey".] 

Am.  Geol.,  vol.  xxiv,  pp.  122-125, 1899. 

666  [Review  of  ''Iowa  Geological  Survey,  vol.  ix".] 

Am.  Geol.,  vol.  xxiv,  pp.  182-184, 1899. 

667  [Review  of  ''Nineteenth  Annual  Report  of  the  United  States 

Geological  Survey  "  and  "  Geological  Survey  of  New  Jersey, 
Annual  Report  for  the  year  1898."] 

Am.  Geol.,  vol.  xxiv,  pp.  251-253, 1899. 

668  [Reviews  of   "Some  Glacial  wash-plains  of  southern  Now 

England,"   by  J.    B.  Woodworth,  and  "The   mechanic-al 
composition  of  wind  deposits,"  by  J.  A.  Udden.] 

Am.  Geol.,  vol.  xxiv,  pp.  381-382, 1899, 

V. 

669  Van  Hise  (C.  R.).    Introduction.    [The  Crystal  Falls  iron-bearing 

district  of  Michigan.] 

U.  S.  Geol.  Surv.,  Mon.  XXXVI,  pp.  xvii-xxxvi;  19th  Ann.  Rept ,  Pt 
III,  pp.  9-18, 1899. 

Describes  the  general  character,  occurrence,  structure,  and  correlation 
of  the  XJppei  and  \iON*iet  A\\iTOTvAaxv  ^f^xvoa  in  this  region. 


WBEK8.]   PALEONTOLOGY,  PETEOLOGY,  AND   MINEEALOGY,  1899.  77 

670  Van  Hise  (C.  R.)*    "^^  naming  of  rocks. 

Jour,  of  Greol.,  vol.  vii,  pp.  686-699, 1899. 

Discufisee  criteria  and  proposes  a  plan  for  naming  rocks. 

671  Vaughan  (T.  Wayland).     Geologic  notes  on  the  Wichita  Moun- 

tains, Oklahoma,  and  the  Arbuckle  Hills,  Indian  Territory. 

Am.  Greol.,  vol.  xxiv,  pp.  41-65, 1899. 

Describes  the  physiographic  featm^s  of  the  region,  the  character  and 
occurrence  of  Silurian  and  Carboniferous  strata  and  igneous  rocks. 

672  Some  Cretaceous  and  Eocene  corals  from  Jamaica. 

Harvard  Coll.,  Mus.  Comp.  ZooL,  Bull.,  vol.  xxxiv.  Appendix,  pp.  227- 
250, 1899. 

Reviews  the  literature  on  the  corals  from  this  region,  and  describes 
material  collected  by  R.  T.  Hill. 

673  Veatch  (Arthur  C).     The  Shreveport  area  [Louisiana]. 

La.  Exp.  Stat.,  Part  V,  pp.  149-208,  pis.  xiv-xix,  1899. 
Describes  the  physiography  of  the  region  and  the  occurrence  of  Ter- 
tiary deposits. 

674 The  five  islands  [Louisiana]. 

La.  Exp.  Stat,  Part  V,  pp.  209-262,  pis.  xx-xxxi,  1899. 
Describes  the  topographic  and  geologic  features  of  the  region  and  the 
occurrence  of  salt. 

676  Harris  (G.  D.)  and.     Greneral  geology  [of  Louisiana]. 

See  Harris  (G.  D.)  and  Veatch  (A.  C).    No.  283. 

676 Historical  review  [of  geological  literature  of  Louisiana]. 

See  Harris  (G.  D.)  and  Veatch  (A.  C).    No.  282. 

677  Vermeule  (C.  C).     Water  supply  from  wells  [New  Jersey]. 

N.  J.  Geol.  Surv.,  Rept  for  1898,  pp.  145-182,  figs.  11-20,  1899. 
Describes  conditions  which  produce  flowing  wells  and  the  progress  of 
inflow  through  material  about  a  well. 

678  Vogdes  (A.  W.).     Biographical  sketch  of  Issachar  Cozzens,  jr. 

Am.  Geol.,  vol.  xxiv,  pp.  327-328,  pi.  xv,  1899. 
Gives  a  sketch  of  his  life. 

679  Wagner  (Gteorge).    On  Tetracaulodon  (Tetrabelodon)  shepardii 

Cope. 

Kan.  Univ.  Quart,  vol.  viii,  pp.  99-103,  pis.  xxiv-xxv,  1899. 
Describes  material  from  the  Loup  Fork  beds  of  Kansas  and  reviews 
literature  of  the  subject 

• 

680  Walcott  (Charles  Doolittle).     Report  of  the  Director  of  the 

United  States  Geological  Survey  for  the  fiscal  year  ending 
June  30,  1899. 

U.  S.  Geol.  Surv.,  20th  Ann.  Rept.,  Pt.  I.,  551  pp.,  2  pis.,  1899. 
Gives  a  general  review  of  the  work  undertaken  by  the  Survey  during 
the  year  1898-99. 
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681  Walcott  (Charles  Doolittle).    Pre-Cambrian  fossiliferous  forma- 
tions. 

Geol.  Soc.  Am.,  Bull.,  vol.  x,  pp.  199-244,  pis.  xxii-xxviii,  1899. 
Reviews:  Am.  Jour.  Sd.,  4th  ser.,  vol.  viii,  pp.  78-79;  Science,  newser., 
vol.  ix,  p.  143  (J  p.),  1899. 

Describes  the  character  and  occurrence  of  pre-Gambrian  strata  and 
the  fossils  collected. 

682 Cambrian  fossils  [Yellowstone  National  Park]. 

U.  8.  Geol.  Surv.,  Mon.  XXXII,  Pt  II,  pp.  440-478,  pis.  Ix-lxv.  1899. 
Gives  a  summary  of  the  faunas  and  descriptions  of  the  Oambrian  fos- 
sils coUected. 

683 Cambrian  Brachiopoda,  Obolus,  and  Lin^lella,  with  descrip- 
tion of  new  species. 

U.  8.  Nat.  Mus.,  Proc,  vol.  xxi,  pp.  385-420,  pla  xx^d-xxviii,  1899. 
Published  in  1898. 

684 Fossil  Medusae. 

Abstracts:  Am.  GeoL,  vol.  xxii,  pp.  67-61;  Jour,  of  €reoL,  vol.  vii,  p. 
99,  1899. 
8ee  Bibliography  and  Index  for  1898.    No.  844. 

685  Walker  (T.  L.).     Crystal  symmetry  of  the  mica  group. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  199-204,  figs.  1-6,  1899. 
Describes  methods  of  study  of  crystal  symmetry  and  discusses  evi- 
dence of  some  of  the  micas  belonging  to  the  triclinic  system. 

686  Causes  of  variation  in  the  composition  of  igneous  rocks. 

Review:  Am.  Geol.,  vol.  xxiii,  pp.  327-328  (i  p.),  1899. 

687  Ward  (H.  L.).     New  Kansas  meteorite. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  p.  233,  1  fig.,  1899. 
Briefly  describes  the  material. 

688  Notice  of  a  new  meteorite  from  Murphy,  Cherokee  County, 

North  Carolina. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  225-226,  pi.  iv,  1899. 
Describes  occurrence  and  character  of  the  material. 

689  Notice  of  an  aerolite  that  recently  fell  at  Allegan,  Michigan. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  412-414,  1899. 
Describes  occurrence  and  character  of  the  material. 

690  Ward  (Lester  F.).     The  Cretaceous  formation  of  the  Black  Hills 

as  indicated  by  the  fossil  plants  (with  the  collaboration  of 
W.  P.  Jenney,  W.  M.  Fontaine,  and  F.  H.  Knowlton). 

U.  S.  Geol.  Surv.,  19th  Ann.  Kept.,  Pt.  II,  pp.  521-946,  pis.  liii-clxxii, 
figs.  117-122,  1899.    Review:  Jour,  of  Geol.,  vol.  vii,  pp.  814-815^  1899. 

Reviews  literature  on  the  Black  Hills,  gives  a  historical  sketch  of  the 
discovery  of  the  fossils  and  numerous  sections  of  the  strata  and  descrip- 
tions of  the  fossils. 
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691  Ward  (Lester  F.).     Descriptions  of  the  species  of  Cycadeoidea 

or  fossil  Cycadean  trunks  thus  far  determined  from  the 
Lower  Cretaceous  rim  of  the  Black  Hills. 

U.  S.  Nat.  Mu8. ,  Proc. ,  xxi,  pp.  195-229, 1899.     Published  in  1898. 

692  Warren  (C.  H.),  Penfield  (S.  L.)  and.     Some  new  minerals  from 

the  zinc  mines  at  Franklin,  N.  J.,  and  note  concerning  the 

chemical  composition  of  ganomalite. 
See  Penfield  (S.  L. )  and  Warren  (C.  H. ),  No.  522. 

693 Chemical  composition  of  parisite  and  a  new  occurrence 

of  it  in  Ravalli  Co.,  Montana. 
See  Penfield  (S.  L.)  and  Warren  (C.  H.),  No.  521. 

694  Washington  (Henry  S.).     The  petrographical  province  of  Essex 
County,  Massachusetts,  II. 

Joor.  of  Geol.,  vol.  vii,  pp.  53-64, 1899, 

Describes  the  megascopic,  microscopic,  and  chemical  characters  of 
essexite,  diorite,  and  gabbro. 

696  The  petrographical  province  of  Essex  County,  Massachu- 
setts, III. 
Jour,  of  GreoL,  vol.  vii,  pp.  105-121, 1899. 

Describes  the  petrographic  and  chemical  character  of  aplite,  quartz- 
syenite-porphyry,  paisanite,  solvsbei^gite,  tinguaite,  and  dike  rocks. 

696  The  petrographical  province  of  Essex  County,  Massachusetts, 

IV. 

Jour,  of  Greol.,  vol.  vii,  pp.  284-294,  1899. 

Describes  petrographic  and  chemical  character  of  camptonite,  diabase, 
rhyolite,  and  keratophyr. 

697  Petrographical  province  of  Essex  County,  Massachusetts,  V. 

(General  discussion  and  conclusion.) 

Jour,  of  Greol. j  vol.  vii,  pp.  463-482,  pi.  vi,  1899.  Review:  Am.  Geol., 
vol.  xxiv,  pp.  255-257, 1899. 

Gives  a  general  summary  of  previous  papers. 

698  Watson  (Thomas  L.).     Some  notes  on  the  lakes  and  valleys  of 

the  Upper  Nugsuak  Peninsula,  North  Greenland. 

Jour,  of  Geol.,  vol.  vii,  pp.  655-666, 3  figs.,  1899. 
Describes  physiographic  features  of  the  region  and  the  occurrence  and 
origin  of  the  lake. 

699  Some  further  notes  on  the  weathering  of  diabase  in  the  vicin- 

ity of  Chatham,  Virginia. 

Am.  Geol.,  vol.  xxiv,  pp.  355-369, 1899. 

Discusses  the  evidences  of  the  cause  of  the  considerable  loss  of  alu- 
mina in  the  change  from  fresh  to  decomposed  diabase.  Includes  many 
chemical  analyses. 

700  WattB  (W.  L.),     Notes  on  the  oil-yielding  formations  of  Califor- 

nia. 

Min.and  8ci. Press,  vol.  Ixxix, pp.  144-146  (12  figs.),  pp.  17^173  (8 
figs. ),  1899.    Describes  character  and  oocune&fi^ 
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701  Wood  (Walter  Harvey).     Fort  Benton  folio,  Montana. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  No.  55, 1899. 

Describes  the  general  geologic  features  and  the  occurrence  and  charac- 
ter of  the  Archean,  Cambriani  Silurian,  Devonian,  Carboniferous,  Jora- 
trias,  Cretaceous,  Pleistocene,  and  igneous  rocks.  Discusses  the  geologic 
history  of  the  region,  and  describes  the  occurrence  of  coal,  gold,  and 
silver.     Includes  topographic  maps  and  columnar  sections. 

702  Little  Belt  Mountains  folio,  Montana. 

U.  S.  Geol.  Surv.,  Geol.  Atias  of  U.  S.,  folio  No.  66, 1899. 

Describes  the  physiography,  the  occurrence,  and  character  of  the 
Archean,  Algonkian,  Cambrian,  Silurian,  Devonian,  Carboniferous, 
Juratrias,  Cretaceous,  metamorphic,  and  igneous  rocks,  the  general 
geologic  relations  and  history  of  the  region,  and  the  occurrence  of  coal, 
silver,  and  sapphires.  Includes  topographic  and  geologic  maps  and 
columnar  sections. 

703  Geology  of  the  southern  end  of  the  Snowy  Range  [Yellow- 

stone National  Park]. 

U.  S.  Geol.  Surv.,  Mon.  XXXII,  Pt  II,  pp.  203-214,  pi.  xxvi,  1899. 
Describes  the  general  physiographic  and   geologic  features  of  the 
region. 

704 Granite  rocks  of  Butte,  Montana,  and  vicinity. 

Jour,  of  Geol.,  vol.  vii,  pp.  737-750, 1899. 

Describes  occurrence  and  petographic  and  chemical  characters  of  the 
granitic  rocks. 

706  Laccoliths  and  bysmaliths. 

Abstract:  Science,  new  ser.,  vol.  x,  pp.  25-26, 1899. 

706  IddingB  (J.  and. P.)      Descriptive  geology  of  the  northern 

end  of  the  Teton  Range  [Yellowstone  National  Park]. 

See  IddingB  (J.  P.)  and  Weed  (W.  H.).     No.  355. 

707 Descriptive  geology  of  the  Gallatin  Mountains  [Yel- 
lowstone National  Park]. 
See  Iddings  (J.  P.)  and  Weed  (W.  H.).     No. 354. 

708  Weeks  (Fred  Boughton).     Bibliography  and  index  of  geology, 

paleontology,  petrology,  and  mineralogy  for  1898. 

U.  S.  Geol.  Surv.,  Bull.,  No.  162,  163  pp.,  1899. 

Contains  list  of  titles  of  papere  arranged  alphabetically  by  authors' 
names  and  a  subject  index. 

709  The  duplication  of  geologic  formation  names. 

Jour,  of  Geol.,  vol.  vii,  pp.  297-299;  Am.  Geol.,  vol.  xx^i,  pp. 
266-267;  Science,  new  ser.,  vol.  ix,  pp.  625-626, 1899. 

Gives  reference  to  literature  showing  the  duplication  of  long-estab- 
lished names  in  recent  publications. 

710  [A  reconnaissance  in  Jackson  Basin,  northwest  Wyoming.] 

A.bstract:  Science,  new  ser.,  vol.  ix,  p.  454  (J  p.)»  1899. 
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711  "WoUer  (Stuart).     Kinderhook  faunal  studies,  I.  The  fauna  of  the 

Vermicular    sandstone   at   Northview,   Webster  County, 

Missouri. 

St  Louis  Acad.  ScL,  Trans.,  vol.  ix,  No.  2,  pp.  9-51,  pis.  ii-vi,  1899. 

Describes  the  occurrence  of  the  formation  and  the  character  of  the 
fossils  collected. 

712  [Iteview  of  *' Fossil  Medusae,"  by  C.  D.  Walcott.] 

Jour,  of  Geol.,  vol.  vii,  p.  99, 1899. 

713  [Review  of  "Fifteenth  Annual  Report  of  the  State  Geolo- 

gist [New  York]  for  the  year  1895,  vol.  i."] 

Jour,  of  Geol. ,  vol.  vii,  pp.  209-213, 1899. 

714 A  peculiar  Devonian  deposit  in  northeastern  Illinois. 

Jour,  of  Geol.,  vol.  vii,  pp.  483-488, 3  figs.,  1899. 

Describes  occurrence  of  a  Devonian  fauna  in  crevices  of  Niagara  strata. 

716 A  century  of  progress  in  Paleontology. 

Jour,  of  Geol.,  vol.  vii,  pp.  496-508,  1899. 

Gives  a  general  historical  sketch  of  the  development  of  the  science  of 
Paleontology. 

716  [Review  of  "The  Paleozoic  reticulate  sponges  constituting 

the  family  Dictyospongidse,"  by  James  Hall  and  J.  M. 
Clarke.] 

Jour,  of  Geol.,  vol.  vii,  pp.  717-718, 1899. 

717  Westgate  (Lewis  G.).     A  granite-gneiss  in  central  Connecticut. 

Jour,  of  Geol.,  vol.  vii,  pp.  638-654, 4  figs.,  1899. 

Describes  occurrence,  the  associated  rocks,  and  its  megascopic  and 
microscopic  characters. 

718  Wlieeler  (William  Morton).     George  Baur's  life  and  writings. 

Am.  Nat.,  vol.  xxxiii,  pp.  15-30, 1899. 

Gives  a  sketch  of  his  life  and  list  of  his  publications. 

719  VThite  (David).     Report  on  fossil  plants  from  the  McAlester  coal 

field,  Indian  Territory,  collected  by  Messrs.  Taflf  and  Rich- 
ardson in  1897. 

U.  S.  Geol.  Surv.,  19th  Ann.  Kept.,  Pt.  Ill,  pp.  457-534,  pis.  Ixvii-lxviii, 
1899. 

Describes  the  geographic  distribution  of  the  fossil  plants  and  their 
occurrence  in  the  coal  beds,  and  compares  these  floras  with  those  from 
the  coal  field  of  Arkansas.  Includes  descriptions  of  the  species  col- 
lected. 

720  Fossil  flora  of  the  Lower  Coal  Measures  of  Missouri. 

U.  S.  Geol.  Surv.,  Mon.  XXXVII,  467  pp.,  73  pis.,  1899. 
Describes  the  stratigraphy  of  the  plant-bearing  beds,  the  characters 
of  the  fossils  collected  and  the  relations  of  the  faunas. 

721  [Review  of    "Fossil  plants,   for   students   of  botany  and 

geology,"  by  A.  C.  Seward.] 

Am.  Geol.,  vol.  xxiii,  pp.  195-197, 1899. 

Bull.  172 6 
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722  Wliite  (I.  C.)>    Fetrolenni  and  natural  gas  [West  Virginia]. 

West  Va.  Geol.  Surv.,  vol.  i,  pp.  123-378,  1898.  Review:  Am.  Ge 
vol.  xxiii,  pp.  387-389, 1899. 

Giv«s  a  hiBtorical  sketch  of  the  subject  and  describee  the  occurre 
ot  petroleum  and  natural  gas,  including  aecHons  of  many  wells. 

738 Origin  of  grahamite. 

Geol.  So<'.  Am.,  Bull.,  vol.x,  pp.  277-284,  pi.  xxix,  1899.  Rerie 
Am.  Geol.,  vol.  xxiii,  p.  101  (}p.),  vol.  xxiv,  pp.  253-264;  Sciei 
new  eer.,  vol.  ix,  p.  138  (}  p.],  1899. 

Deecribefl  occurrence  and  origin. 

7^  White  (Theodore  G.).     Faunas  of    Upper  Ordovician  in  Li 
Champlain  Valley. 
Abettacta:  Am.  Geol.,  vol.  xxiii,  p.  96  (^  p.);  Sdence,  new  ser., 
ix,  p.  102  (ip.),  1899. 

7S5  WWteaves  {J.  F.).  Postscript  to  "  A  description  of  new  gei 
and  species  of  Cystideans  from  the  Trenton  limestone 
Ottawa." 

Can.  Rec.  Sci.,  vol.  vii,  pp.  395-396,  1898. 

Propoeee  generic  name  St^anoblastus  for  that  of  Aetrocyatites  a 
densis. 

726 On  some  remains  of  a  sepia-like  cuttlefish  from  the  C 

taceou»  rocka  of  the  South  Saskatchewan. 
Can,  Bee.  8ci.,  vol.  vii,  pp.  459-461,  pi.  ii,  1898. 
Describes  AcUnoeepia  canadensis  n.  gen.  ct.  Bp. 

727  Note  on  a  fish  tooth  from  the  Upper  Arisaig  series  of  N< 

Scotia. 

Can.  Roc.  8d.,  vol.  vii,  pp. 461-462,1  fig.,  1898. 

728  A   recent  discovery  of   rocks  of  the  age  of  the  Trent 

formation  at  Akpatok  Island,  Ungava  Bay,  Unga^-a. 
Am.  Jour.  Sci.,  4th  tvr.,  vol.  vii,  pp.  433^34,  1899, 
GivcH  a  liut  of  the  fosaile  collected  and  discusses  their  relation  to 
fauna  of  the  Manitoba. 

729 The  Devonian  .system  in  Canada. 

Am.  Assoc.  Adv.  Sci.,  Proc.,  vol.  ilvlii,  pp.  IS*3-233;  Am.  Geol.,  ■ 
xxiv,  lip.  210-240;  Science,  new  ser.,  vol.  x,  pp.  402-412,  430-438,  If 

Gives  a  historical  Bket<'h  of  the  study  of  Devonian  strata  occun 
in  the  several  provinces  ot  Canada. 

730  TXHiitfleld  (R.  P.).     Assisted  by  E.  O.  Hovcy.     Catal<^ue  of  i 

typo  figured  sijccimens  in  the  Palcontological  collect 
of    the  geological  department,    American    Musetun 
Natural  History. 
Am,  Mum.  Nat  Hiwt.,  Bull.,  vol.  xi,  pp.  74-188,  1899. 

731  Whittle  (Charles  L.).     The  building  and  road  stones  of  Mas 

chu  setts. 

The  Mineral  Industry  for  1898,  vol.  vii,  pp.  637-642,  1899. 

Describes  character  and  occurrence  ol  granite,  eandstone,  and  tA 
building  etones. 
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732  Whittle  (Charles  L.)    The  Buffalo  Hump  Mining  Camp,  Idaho. 

Eng.  and  Min.  Jour.,  vol.  Ixviii,  pp.  215-216,  1899. 
Describes  general  geologic  structure  of  the  region. 

733  Wieland  (G.  R.)-     ^  study  of  some  American  fossil  cycads,  Part 

I.     The  male  flower  Cycadeoidea. 

Am.  Jour.  Sci. ,  4th  ser.,  vol.  \ii,  pp.  219-226,  2  figs.,  pis.  ii-iv,  1899. 
Discusses  age  of  the  cycad-bearing  l)eds  and  describes  Cycadeoides 
ingens  Ward.     Includes  references  to  literature. 

734  A  study  of  some  American  fossil  cycads,  Pai-t  II.     The  leaf 

structure  of  Cyciideoidea. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  305-308,  pi.  vii,  1899. 

735  A  study  of  some  American  fossil  cyc»ds.     Part  HI.     The 

female  fructification  of  Cycadeoidea. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  383-391,  pis.  viii-x,  20  figs.,  1899. 

736  The  terminology  of  vertebi*al  centra. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii.  pp.  163-164,  1899. 
Gives  a  table  of  nomenclature  of  vertebne. 

737  Cycadean  Moncecism. 

Am.  Jour. Si'i.,  4th.  ser.,  vol.  viii, p.  164  (|  p.),  1899. 

738  Wilcox  (Walter  D.).     A  certain  type  of  lake  formation  in  the 

Canadian  Rocky  Mountains. 

Jour,  of  Geol.,  vol.  vii,  pp.  247-260,  pi.  ii,  6  figs.,  1899. 

Describes  glacial  phenomena  in  Rocky  Mountains  of  British  Columbia. 

739  'Williams  (H.  S.).     [Review  of   "Maryland  Geological  Survey, 

vol.  i;"  ''The  Lower  Cretaceous  Gryphaeas  of  the  Texas 
region,"  by  R.  T.  Hill  and  T.  Wayland  Vaughan;  "Biblio- 
graphic Index  of  North  American  Carboniferous  inverte- 
brates," by  Stuart  Weller;  "Contributions  to  the  Tertiary 
fauna  of  Florida,"  by  W.  H.  Dall;  "Contributions  to  Cana- 
dian paleontology,"  by  J.  F.  Whiteaves;  "Geological  Sur- 
vey of  Canada,  vol.  ix;"  and  "Report  on  the  Doobaunt, 
Kogan,  and  Ferguson  rivers  and  the  northwest  coast  of 
Hudson  Bay,"  etc.,  by  J.  B.  Tyrrell.] 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  69-72,  1899. 

740  [Review  of  "New  facts  regarding  Devonian  fishes.     Den- 

tition of  Devonian  Ptyctodontidea;"  "Some  new  points  in 
-Dinichthyid  osteology,"  by  C.  R.  Eastman;  "Geological 
sketch  of  San  Clemente  Island,"  by  W.  S.  T.  Smith;  "Geol- 
ogy of  Edwards  Plateau  and  Rio  Grande  Plain,"  etc.,  by 
R.  T.  Hill  and  T.  W.  Vaughan,  "South  Dakota  Geological 
Survey  Bulletin  No.  2."] 

Am.  Jour.  Sci.,  4th  ser.,  vol.  vii,  pp.  314-316,  1899. 
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741  Williams  (H.  S.)*     Occurrence  of  Paleotrochis  in  volcanic  rocks 

in  Mexico. 

Am.  Jour.  Sci. ,  4th  ser. ,  vol.  vii,  pp.  335-336, 1899.    Review:  Am.  Geol., 
vol.  xxlv,  p.  181  (i  p.)»  1899. 

Describes  material  showing  the  origin  of  Paleotrochis. 

742  [Review  of  "The  age  of  the  Franklin  white  limestone  of 

Sussex  County,  New  Jersey,"  by  J.  E.  Wolff  and  A.  H. 
Brooks;  ''The  development  of  Ljrtoceras  and  Phylloceras," 
by  J.  P.  Smith.] 

Am.  Jom*.  Sd.,  4th  ser.,  voL  vii,  pp.  397-398,  1899. 

743 Devonian  interval  in  northern  Arkansas. 

Am.  Jour.  Sci.,  4th  ser.,  vol.  viii,  pp.  139-152,  1899. 
Describes  the  famia  of  a  number  of  sections  and  the  character  and  rela- 
tions of  the  Devonian  rocks  of  the  region. 

744  Willis  (Bailey).     The  new  Maryland  Geological  Survey. 

Science,  new  ser.,  vol.  ix,  pp.  252-255,  1899. 
Reviews  vol.  i  of  the  Maryland  Geological  Survey. 

745  Work  of  the  U.  S.  Geological  Survey. 

Science,  new  ser.,  vol.  x,  pp.  203-213,  1899. 

746 and  Smith  (George  Otis).    Tacoma  folio,  Washington. 

U.  S.  Geol.  Surv.,  Geol.  Atlas  of  U.  S.,  folio  No.  54,  1899. 

Describes  the  general  physiographic  and  geologic  relations,  geologic 
hii^ry,  the  occurrence  and  character  of  the  Tertiary  and  Pleistocene 
deposits  and  eruptive  rocks,  and  the  occurrence  of  coal.  Includes  topo- 
graphic and  geologic  maps  and  structural  and  columnar  sections. 


747  Williston  (S.  W.).     Some  additional  characters  of  the  Mosasaurs. 

Kan.  Univ.  Quart.,  vol.  viii,  pp.  39-41,  pi.  xii,  1899. 
Describes  characters  of  Platecarpus. 

748  A  new  genus  of  fishes  from  the  Niobrara  Cretaceous. 

Kan.  Univ.  Quart,  vol.  viii,  pp.  113-115,  pi.  xxvi,  1899. 

749 A  new  species  of  Sagenodus  from  the  Kansas  Coal  Measures. 

Kan.  Univ.  Quart.,  vol.  viii,  pp.  175-181,  pis.  xxviii,  xxxv-xxxvii, 
1899. 

Gives  a  list  of  the  species  of  this  genus  and  describes  Sagenodus  copea- 
nus  n.  sp. 

760  Notes  on  the  coraco-scapula  of  Eryops  Cope. 

Kan.  Univ.  Quart.,  vol.  viii,  pp.  185-186,  pie.  xxvii-xxx,  1899. 
Describes  material  from  the  Red  beds  of  Indian  Territory. 

751  [Review  of  "  West  Virginia  Geological  Survey,  vol.  i."] 

Jour,  of  Geol.,  vol.  vii,  pp.  426-427,  1899. 

752  Prof.  Benjamin  F.  Mudge. 

Am.  Geol.,  vol.  xxiii,  pp.  339-345,  pi.  xii,  1899. 
Gives  a  Bkietch  ol  b.\s&  V\t&  >3Jid  Vv&t  ol  bda  ^\ibU.cB.tiQQ& 
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753  VTilliston  (S.  W.)    The  Red  beds  of  Kansas. 

Science,  new  ser.,  vol.  ix,  p.  221  (}  p.)i  1899. 
Discusses  the  Permian  age  of  these  beds. 

754  "Willmott  (A.  B.),  Coleman  (A.  P.)  and.    Michipicoton  iron  range. 

See  Coleman  (A.  P.)  and  Willmott  (A.  B.),  No.  112. 

755  Wilson  (Herbert  M.).  Water  resources  of  Puerto  Rico. 

U.  8.  Geol.  Surv.,  Water-Supply  Paper  No.  32,  48  pp.,  17  pis.,  10  figs., 
1899. 
Describes  the  water  resources  and  physiography  of  the  island. 

756  'WincheU  (Newton  H.).  Preface  [to  Final  Rept. ,  vol.  iv,  Minnesota 

Geological  and  Natural  History  Survey,  pp.  xiii-xx,  1899]. 
Gives  an  outline  of  a  portion  of  the  nomenclature  of  geologic  formar 
tions  employed  in  this  publication. 

757 The  geology  of  Carlton  County  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist.  Surv.,  Final  Rept,  voL  iv,  pp.  1-24,  pL 
Ivi,  A-B,  1899. 

Describes  the  physiographic  features  and  character  and  occurrence  of 
the  Archean  and  Cambrian  rocks. 

758  — : —  The  geology  of  the  southern  portion  of  St.  Louis  County 

[Minnesota]. 

Minn.  Greol.  and  Nat  Hist.  Surv.,  Final  Rept,  vol.  iv,  pp.  212-221,  pL 
Ixvi,  and  P-Q,  FF-GG,  1899. 

Describes  occurrence  of  Archean  rocks  and  glacial  deposits. 

759 The  geology  of  the  northern  portion  of  St.  Louis  County 

[Minnesota]. 

Minn.  Geol.  and  Nat  Hist.  Surv.,  Final  Rept,  vol.  iv,  pp.  222-265, 
pi.  bcvii,  and  Rr-W,  figs.  22-37,  1899. 

Describes  the  character  and  occurrence  of  the  Archean  rocks  and 
glacial  deposits. 

760 The  geology  of  Lake  County  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist.  Surv.,  Fuial  Rept,  vol.  iv,  pp.  266-312, 
pis.  Ixviii,  X-Z,  AA-EE,  figs.  38-54,  1899. 

Describes  the  physiographic  features  and  the  character  and  occurrence 
of  Archean  rocks,  Cambrian  sediments  and  igneous  intrusions,  and 
glacial  history  of  the  region. 

761  The  geology  of  the  Hibbing  plate  of  the  Mesabi  Iron  Range 

[Minnesota]. 

Minn.  Geol.  and  Nat  Hist  Surv.,  Final  Rept,  vol.  iv,  pp.  358-364, 
pi.  Ixxiii,  1899. 

Describes  the  occurrence  and  character  of  the  rocks  associated  with 
the  iron  ores. 

762 The  geology  of  the  Mountain  Iron  plate  of  the  Mesabi  Iron 

Range  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist  Surv.,  Final  Rept,  vol.  iv,  pp.  365-369, 
pi.  Ixxiv,  fig.  62,  1899. 

Describes  the  occurrence  and  character  of  the  Cambrian  rocks  and 
occurrence  of  iron  ores. 
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763  "WinchoU  (Newton  H.).  The  geology  of  the  Virginia  plate  of  the 
Mesabi  Iron  Range  [Minnesota]. 

Minn.  Greol.  and  Nat.  Hist  Surv.,  Final  Rept,  vol.  iv,  pp.  370-382, 
pi.  Ixxv,  1899. 

Describes  the  character  and  occurrence  of  the  Archean,  Cambrian,  and 
Cretaceous  rocks  and  iron  ores  of  the  region. 

764 The  geology  of  the  Partridge  River  plate  of  the  Mesabi 

Iron  Range  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist.  Surv.,  Final  Kept,  voL  iv,  pp.  383-389, 
pi.  Ixxvi,  1899. 

Describes  the  character  and  occurrence  of  the  Archean  and  Cambrian 
rocks  of  the  region. 

766  The  geology  of  the  Dunka  River  plate  of  the  Mesabi  Iron 

Range  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist.  Surv.,  Final  Rept,  vol.  iv,  pp.  390-398, 
pi.  Ixxvii,  1899. 
Describes  the  occurrence  of  the  Archean  and  Cambrian  rocks. 

766 The  geology  of  the  Pigeon  Point  plate  [Minnesota]. 

Minn.  Geol.  and  Nat  Hist  Surv.,  Final  Rept,  vol.  iv,  pp.  502-521, 
pl.  Ixxxv,  and  00,  figs.  91-100,  1899. 

Describes  the  physiography  and  character  and  occurrence  of  the  Gam- 
brian  strata. 

767 The  geology  of  the  Vermilion  Lake  plate  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist.  Surv.,  Final  Rept,  vol.  iv,  pp.  522-549, 
pl.  Ixxxvi,  and  QQ-UD,  WW,  figa.  101-105,  1899. 

Describes  the  physiography  and  the  character  and  occurrence  of  the 
Archean  and  iron-bearing  rocks. 

768  The  geology  of  the  Carlton  plate  [Minnesota]. 

Minn.  Geol.  and  Nat.  Hist  Surv.,  Final  Rept,  vol.  iv,  pp.  550-565, 
pl.  Ixxxvi,  and  XX-ZZ,  figs.  106-107,  1899. 

Describes  the  geology  of  the  region  and  discusses  the  age  and  relations 
of  the  Thomson  slates. 

769  The  geology  of  the  Duluth  plate  [Minnesota]. 

Minn.   Crcol.   and   Nat  Hist  Surv.,  Final  Rept,  pp.   566-580,  pl. 
Ixxxviii,  figs.  108-110,  1899. 
De«crilxi8  the  character  and  occurrence  of  the  Cambrian  rocks. 

770  List  of  I'ock  samples,  with  annotations,  collected  by  N.  H. 

Winchell,  in  1896,  1897,  and  1898. 

Minn.  Geol.  and  Nat.  Hist  Surv.,  24th  Ann.  Rept.,  pp.  1-84,  1899. 

771  Thalite  and  bowlingito  from  the  north  shore  of  Lake  Supe- 

rior. 

Am.  Geol.,  vol.  xxiii,  pp.  41-44,  1899. 

Describes  microscopic  and  chemical  characters  of  the  material. 

772  Chlorastrolite  and  zonochloritc  from  Lsle  Royale  [Michigan]. 

Am.  Geol.,  vol.  xxiii,  pp.  116-118,  1899. 
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773  'Winchell  (Newton   H.).     Common   zeolites   of    the  Minnesota 

shore  of  Lake  Superior. 

Am.  Geol.,  vol.  xxiii,  pp.  176-177,  1899. 

Describes  the  characters  of  stilbite,  heulandite,  laumontite,  ana  meso- 
type. 

774  The  optical  characters  of  jacksonite. 

Am.  Geol.,  vol.  xxiii,  pp.  250-251,  1899. 

Describes  the  microscopic  and  chemical  character  of  the  material. 

775  [Review  of  "Rivers  of  North  America;  a  reading  lesson  for 

students  of  geography  and  geology,"  by  Isi*ael  C.  Russell.] 

Am.  Geol.,  vol.  xxiii,  pp.  261-262,  1899. 

776  Adularia  and  other  secondary  minerals  of  the  copper-bearing 

rocks. 

Am.  Geol.,  vol.  xxiii,  pp.  317-318,  1899. 

Describes  crystallography  and  chemical  characters  of  adularia  and 
wollastonite. 

777  [Review  of  ''Report  on  the  boundary  between  the  Potsdam 

and  pre-Cambrian  rocks  north  of  the  Adirondacks"  and 
"Augite-syenite  gneiss  near  Loon  Lake,  New  York."] 

Am.  Geol.,  vol.  xxiii,  p.  330,  1899. 

778 [Review  of  "The  characters  of  crystals :   an  introduction  to 

physical  crystallography,"  by  Alfred  J.  Moses.] 

Am.  Geol.,  vol.  xxiii,  p.  389  (t  p.),  1899. 

779 [Review  of  "  Minerals  in  rock  sections;  the  practical  methods 

of  identifying  minerals  in  rock  sections  with  the  microscope; 
especially  arranged  for  students  in  technical  and  scientific 
schools,"  by  L.  M.  Luquer.] 

Am.  Geol.,  vol.  xxiv,  pp.  120-121,  1899. 

780  Winchell  (H.  V.)  and  Qrant  (U.  S.).     Preliminary  report  on  the 

Rainy  Lake  gold  region.     [Minnesota.] 

Minn.  Geol.  and  Nat.  Hist.  Surv.,  Final  Rept,  vol.  iv,  pp.  192-211, 
pis.  N-0,  1899. 

Describes  the  character  and  occurrence  of  the  Archean  rocks  and  gla- 
cial deposits  and  the  occurrence  of  gold  ores  in  the  region. 

781  Witter  (F.   M.).     Observations  on  the  geology  of  Steamboat 

Springs,  Colorado. 
Iowa  Acad.  Sci.,  Proc.,  vol.  vi,  pp.  93-98,  1899. 
Describes  the  general  geologic  features  of  the  region. 

782  Wolff  (John  E.).     On  hardystonite,  a  new  calcium  zinc  silicate 

from  Franklin  Furnace,  New  Jersev. 

Am.  At«ui.  Arts  and  Sci. ,  Proc. ,  vol.  xxxi v,  pp.  479-481, 1899.  Beview: 
Am.  Geol.,  vol.  xxiii,  p.  329  (J  p.),  1899. 

Describes  its  chemical  and  physical  cliaracters. 
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783  "Wolff  (John  E.).     Hardystonite,  a  new  mineral  from  Franklm 

Furnace  [New  Jersey]. 

Abetract:  Science,  new  ser.,  vol.  ix,  p.  519  (10 1.),  1809. 

784  "Woodman  (J.  Edmund).     Studies  in  the  gold-bearing  slates  of 

Nova  Scotia. 

Boat.  Soc.  Nat  Hist,  Proa,  vol.  xxviii,  pp.  37&-407, 3  pis.,  1  fig.,  1899. 

Discusses  the  stmctnre,  character,  and  age  of  the  slates.     Includes  t 
bibliography  of  publications  on  the  region. 

786 Shore  development  in  the  Bras  d'Or  lakes. 

Am.  GeoL,  voL  xxiv,  pp.  329-842,  pi.  zvi,  1899. 
Describes  the  forelands  and  discosees  their  classification. 

786 Ore-bearing  schists  of  middle  and  northern  Cape  Breton. 

Bept,  Dept  of  Mines,  Nova  Scotia,  for  the  year  ending  Sept  30, 1888, 
39  pp. ,  1899.     ( Not  Been. ) 

787  Wood^virard  (Henry),  Jones  (T.  Rupert)  and.     Contributions  to 

fossil  Crustacea. 
See  Jones  (T.  R.)  and  Woodward  (H.),  No.  366. 

788  Woodworth  (J.  B.).     The  ice  contact  in  the  classification  of  gla- 

cial deposits. 

Am.  Greol.,  vol.  xxiii,  pp.  80-86,  1899. 

Describes  the  phenomena  associated  with  the  ice  contact,  and  di»- 
cusees  its  bearing  in  the  classification  of  glacial  deposits. 

789  Some  glacial  wash-plains  of  southern  New  England. 

Essex  Inst.,  Bull.,  vol.  xxix,  pp.  71-119,  7 figs.,  1897.     Review:  Am., 
Geo!.,  vol.  xxiv,  pp.  381-382,  1899. 
Describen  character  and  distribution. 

790  Curtis  (G.  C.)  and.     Nantucket,  a  mprainal  island. 

See  Curtis  (G.  C.)  and  Woodworth  (J.  B.),  No.  131. 

791  Shaler  (N.  S.),  Foerste  (A.  F.)  and.     Geology  of  the  Narra- 

gansett  Basin. 

See  Shaler  (N.  S.),  Woodworth  (J.  B.),  and  Foerste  (A.  F.), No. 582. 

792 Geology  of  the  Richmond  Basin,  Virginia. 

See  Shaler  (N.  S.)  and  Woodworth  (J.  B.),  No.  581. 

793  Woods   (H.).     Notes  on  the  genus    Grammatodon    Meek  and 

Hayden. 
Annals  and  Mag.  of  Nat.  Hist.,  7th  ser.,  vol.  iii,  pp.  47-48,  1899. 

794  Woolxnan  (Lewis).     Artesian  wells  in  New  Jersey. 

N.  J.  Geol.  Surv.,  Kept,  for  1898,  pp.  59-144,  pis.  iii-iv,  1899. 
Gives  data  of  artesian  wells  in  New  Jersey. 

795  Wortman  (J.  L.).     Othniel  Charles  Marsh. 

Science,  new  ser.,  vol.  ix,  pp.  561-565,  1899. 
Gives  a  ekeXch.  ol\v\s\\lfe  «txA  \<v5^:^^Q»^;j^Qw^. 
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796  Wright  (G.  Frederick).    The  truth  about  the  Nampa  figurine. 

Am.  G«ol.,  vol.  xxiii,  pp.  267-272,  1899. 
Contains  some  notes  on  the  basalt  flows  of  Idaho. 

797  New  methods  of  estimating  the  age  of  Niagara  Falls. 

Pop.  Sci.  Mo.,  vol.  Iv,  pp.  145-164,  6  figs.,  1899. 

798 Lateral  erosion  at  the  mouth  of  the  Niagara  Gorge. 

Abstract:  Science,  new  ser.,  vol.  x,  p.  488  (11  1.),  1899. 

799  Teates  (W.  S.).     Bibliography  [Clay  and  its  manufacture]. 

Ga.  Geol.  Surv.,  Bull.  No.  6A,  Appendix,  pp.  193-199,  1898. 
Includes  a  bibliography  adapted  to  Bull.  No.  6A  of  the  Geoi)<ia  Geo- 
logical Survey. 
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Biotite-gninite,  Turner,  Nos.  688, 685. 
Bowlingite,  Winchell,  No.  771. 
Camptonite,  Washington,  Nos.  606, 697. 
Cheneyixite,  Tower  and  Smith,  No.  682. 
Chlorastrolite,  Winchell,  No.  772. 
Chromite,  Pratt,  No.  531. 
Clay,  Hopkins,  No.  834. 
Clay,  Ladd,  Nos.  399, 400. 
Clay,Ries,No.547. 

Clinoclasite,  Tower  and  Smith,  No.  632. 
Coal,  Ashley,  No.  17. 
Coal,  Day,  No.  154. 
Coal,Dlller,No.l67. 
Coal,  Eldridge  and  Muldrow,  No.  172. 
Coal,  Tafl,  No.  616. 
Coloradoite,  Hillebrand,  No.  318. 
Conichalcite,  Tower  and  Smith,  No.  682. 
Covellitc,  Hillebrand,  No.  816. 
Cupro-goslarite,  Rogers,  No.  551. 
Dacite-porphyry,  Iddings,  No.  845. 
Diabase,  Irving,  No.  357. 
Diabase,  Washington,  Nos.  696, 697. 
Diabase,  Watson,  No.  699. 
Diorite,  Clements  and  Smyth,  No.  106. 
Dioritc,  Iddings,  No.  347. 
Diorite,  Washington,  Nos.  604, 697. 
Diorite,  Watson,  No.  699. 
Diorite-monzonite,  Cross,  No.  128. 
Enargite,  Hillebrand,  No.  816. 
Erinite,  Tower  and  Smith,  No.  682. 
Essexlte,  Washington,  Nos.  604, 697. 
Feldspar,  Hopkins,  No.  335. 
FOyaite,  Washington,  No.  697. 
Oabbro,  Clements  and  Smyth,  Na  105. 
Gabbro,  Iddings,  No.  847. 
Gabbro,  Kemp,  No.  870. 
Gabbro,  Washington,  Nos.  094, 697. 
Gabbro,  Turner,  No.  635. 
Gabbro-diorite,  Cross,  No.  128. 
Gabbro-schist,  Hall,  No.  272. 
Ganomalite,  Penfleld  and  Warren,  No.  522. 
Glaucochroite,  Penfleld  and  Warren,  No.  622. 
Gneiss,  Turner,  No.  635. 
Goldschmidtite,  Hobbs,  No.  822. 
Granite,  Clements  and  Smyth,  No.  105. 
Granite,  Kemp,  No.  371. 
Granite,  Washington,  No.  697. 
Granite,  Weed,  No.  704. 
Granodiorite,  Turner.  No.  638. 
Granodiorite,  Weed,  No.  704. 
Hancockite,  Penfleld  and  Warren,  No.  522. 
Hardystonite,  Wolff,  No.  782. 
Hessitc,  Hillebrand,  No.  318. 
Homblende-micarande8ite-porphyry,IddingB, 

No.  345. 
Jacksonite,  Winchell,  No.  774. 
Jarosite,  Tower  and  Smith,  No.  632. 
Jeffersonite,  Hillebrand,  No.  316. 
Kaolin,  Hopkins,  No.  335. 
Keratophyr,  Washington,  Nos.  604,696,697. 
Keisantite,  Iddings,  No.  345. 


Chemical  analyses— Continued. 

Lettsomite  (cyanotrichite),  Tower  and  Smith, 
No.  682. 

Leucite,  Irving,  No.  357. 
Leucophoenicite,  Penfleld  and  Warren,  No. 
522. 

Melonite,  Hillebrand,  No.  818. 
Meteorite,  Foote,  Nos.  191, 192. 
Mica,  Clarke  and  Darton,  No.  95. 
Mineral  water,  Lane,  No.  419. 
Mitchellite,  Pratt,  No.  531. 
Mlxite,  Tower  and  Smith,  No.  682. 
Monzonite,  Cross,  No.  128. 
Monzonite,  Iddings,  No.  347. 
Monzonite,  Tower  and  Smith,  No.  632. 
Nasonite,  Penfleld  and  Warren,  No.  522. 
Nepheline-syenite,  Ransome,  No.  540. 
Nordmarkite,  Wa^ington,  No.  697. 
Norite,  Clements  and  Smyth,  No.  105. 
Olivenite,  Tower  and  Smith,  No.  632. 
Paisanite,  Washington,  Nos.  695,  697. 
Parisite,  Penfleld  and  Warren,  No.  521. 
Peridotite,  Clements  and  Smyth,  No.  105. 
Petzite,  Hillebrand,  No.  318. 
Phyllite,  Dale,  No.  134. 
Picrite-porphyry,  Clements  and  Smyth,  No. 

105. 
Polycrase,  Hobbs,  No.  324. 
Prosopite,  Hillebrand,  No.  316. 
Pulaskite,  Washington,  No.  697. 
Quartz-monzonite,  Turner,  No.  685. 
Quartz-monzonite,  Weed,  No.  704. 
'Quartz-porphyry,  Tower  and  Smith,  No.  632. 
Quartz-syenite-porphyry,  Washington,No.  697. 
Quenstedtite,  Kuntze,  No.  397. 
Rhyolite,  Iddings,  No,  850. 
Rhyolite,  Tower,  No.  682. 
Rhyolite,  Washington,  Nos.  696,  697. 
Roscoelite,  Clarke,  No.  92. 
Roscoelite,  Hillebrand,  No.  316. 
Salt,  Veatch,  No.  674. 
Saxonite,  Hall,  No.  272. 
Shoshonite,  Iddings,  No.  849. 
Slate,  Clements,  No.  104. 
Slate,  Dale,  No.  134. 
Slate,  Hillebrand,  No.  315. 
Soda-syenite,  Turner,  No.  684. 
Sodium  carbonate,  Knapp,  No.  386. 
Sdlvsbergite,  Washington,  Nos.  695, 697. 
Spilosites,  Clements,  No.  104. 
Stalactite.  Hillebrand,  No.  816. 
Syenite,  Cushing,  No.  132. 
Sylvanite,  Hobbs,  No.  322. 
Thalite,  Winchell,  No.  771. 
Tlnguaite,  Washington,  Nos.  696, 697. 
Titaniferous  iron,  Kemp,  No.  370. 
Titaniferous  magnetite,  Kemp,  No.  372. 
Tourmaline,  Clarke,  No.  93. 
Tourmaline,  Penfleld  and  Foote,  No.  520. 
Trachytic  rhyolite,  Iddings,  No.  348. 
Tyrolite,  Tower  and  Smith,  No.  632. 
Tysonite,  Hillebrand,  No.  316. 
Water,  Orton,  No.  5(M. 
Wollastonite,  Winchell,  No.  776. 
Zinc  ores,  Schmitz,  No.  569. 
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Colorado. 

Archean-Gambrian  contact,  Crosby,  No.  120. 

Asphalt  depodts,  Lee,  No.  425. 

Boulder  region,  Lakes,  No.  402. 

Ck)al  fields  of  Colorado,  Lakes,  No.  406. 

Cripple  Creek  and  its  ore  deposits,  Lakes,  No. 

411. 
Elmoro  folio.  Hills,  No.  319. 
Geology  of  Steamboat  Springs,  Witter,  No.  781. 
Grand  River  coal  field,  Lakes,  No.  410. 
Granite  breccias  of  Grizzly  Peak,  Stone,  No. 

614. 
Mines  around  Breckenridge,  Lakes,  No.  406. 
Natural  gas.  Lakes,  No.  404. 
Telluride  folio,  Cross,  No.  128. 
Telluride  quadrangle,  economic  geology  of 

Purington,No.638. 
Tourmaline-schists,  Patton,  No.  617. 
Vein  formation  of  Gilpin  County,  Rickard, 

No.  548. 
Connecticut. 

Granite-gneiss  in  Connecticut,  Westgate,  No. 

717. 
Correlation. 

Correlation   of  Colorado  formation,  Logan, 

No.  439. 
Homotaxial  equivalents  of  Permian,  Keyes, 

No.  376. 
Physical  aspects  of  general  geological  corre- 
lation, Keyes,  No.  377. 
Cretaceous. 
Cbrrdation. 
Correlation  of  Colorado  formation,  Logan,  No. 

439. 
Alaska. 
Prince  William   Sound   and    Copper   River 

regions,  Schrader,  No.  670. 
Region  between  Resurrection  Bay  and  Tan- 
ana  River,  Mendenhall,  No.  475. 
Atlantic  ctHisi  rcgUm. 
Artesian  wells  In  New  Jersey,  Woolman,  No. 

794. 
Cretaceous   and    as«x"iatod    clays,   Georgia, 

Ladd,  No.  400. 
Nantucket,  a   niorainal    island,  Curtis   and 

Wo<xiworth,No.  131. 
Mississippi  Valley  rerjion. 
CretaeeouH  drift  ix'bbles  in  Iowa,  Udden,  No. 

645. 
General    gec)log>'  of    Louisiana,  Harris   and 

Veatch.  No.  283. 
Geology  of  Aitkin  County,  Minnesota,  Uphani, 

No.  6-48. 
Geology  of  Carroll  County,  Iowa,  Bain,  No.  21. 
Geology  of  IUlscii  County,  Minnesota.  Grant, 

No.  247. 
Geology  of  Virginia  plate,  Minnesota,  Wiu- 

chell,  No.  763. 
Great  Plains  region. 
Correlation  of  Colorado  formation,  Logan,  No. 

439. 
Distribution  of  Cheyenne  sand.stone,  Pnjsser, 

No.  53(;. 
Geology  of  Nebraska,  Darton.  No.  139. 
Mentor  beds,  Kansas,  Jones,  No.  365. 


Cretaceous— Continued. 
Socky  MowUain  region. 
Ahsaroka  folio,  Wyoming,  Hagng,  No.  268. 
Cretaceous  plants  from  Hay  Creek  eoa]  field, 

Wyoming,  Fontaine,  No.  188. 
Elmoro  folio,  Colorado,  Hills,  No.  819. 
Fort  Benton  folio,  Montana,  Weed,  No.  70L 
Geology  of  Gallatin   Moontains.  Wyomiof. 

IddixigB  and  Weed,  No.  854. 
Geology  of  Teton  Range,  Iddlngs  and  Weed 

No.  355. 
Little  Belt  Mountains  folio,  Montana,  Weed, 

No.  702. 
Telluride  folio,  Colorado,  Croas,  No.  128. 
Jamaica, 

Geology  of  Jamaica,  Hill,  No.  318. 
Mexico. 
Geologia  de  los  Alrededores  de  Orizaba,  Bose, 
No.  66. 

Cuba. 

Cuba  and  Porto  Rico,  Hill,  No.  812. 
Mineral  resources  of  Antilles,  Day,  No.  153. 
Devonian. 
(XoMiJicaiion. 

Correlation  in  Ozark  region,  Henbey,  No.  30S. 
Akuka, 
Report  on  Kuskokwim  expedition,  Spun  and 

Post,  No.  601. 
White  River-Tanana  expedition,  Peters  and 
Brooks,  No.  524. 

Oamada. 
Devonian  system  of  Canada,  Wbiteaves,  No. 

729. 
Nipissing-Algoma  boundary,  Parks,  No.  515. 
Unrecognized  horizon  in  Ontario,  Ami,  No.  10. 
New  York. 
Brine  springs  and  salt  wells,  Luther,  No.  449. 
Faunas  of  Hamilton  group,  Grabau.  No.  230. 
Naples  fauna,  Clarke,  No.  96. 
DawiK>n  (Sir  William) ,  Adams,  Nos.  3  and  4. 
Section  at  Schoharie,  Stevenson,  No.  607. 
Appalachian  region. 
Standingstone  folio,  Tennessee,  Campbell,  No. 

80. 
Lake  Superior  region. 
Fauna  of  Devonian  formation,  Monroe  and 

Teller,  No.  490. 
Water  resources  of  Michigan,  Lane,  No.  418. 
Mississippi  VaUey  region. 
Biennial  report  bureau  of  geology  of  Missomi, 

Gallaher,  No.  212. 
Camden  chert  and  its  Lower  Oriskany  fauna, 

Safford  and  Schuchert,  No.  559. 
Correlation  in  Ozark  region,  Hershey,  No.  803. 
Devonian  and  Carboniferous  faunas.  Kindle. 

No.  383. 
Devonian  deposit  in  Illinois,  Weller,  No.  7M. 
Devonian  interval  in  Arlcansas,  Williams,  No. 

743. 
Geology  of  Muscatine  County,  Iowa,  Udden, 

No.  642. 
Geology  of  Scott  County,  Iowa,  Norton,  Na 

501. 
Sweetland  Creek  beds,  Udden,  No.  643. 
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Devonian— Continued. 
Xoeky  Mountain  region. 

Abflftioka  folio,  Wyoming,  Hague,  No.  268. 

Fort  Benton  folio,  Montana,  Weed,  No.  701. 

Geology  of  Gallatin  Mountains,  Wyoming, 
Iddings  and  Weed,  No.  364. 

Geology  of  Teton  Range,  Wyoming,  Iddingn 
and  Weed,  No.  855. 

Little  Belt  Mountains  folio,  Montana,  Weed, 
No.  702. 
Dynamic  geology. 

Absaroka  folio,  Wyoming,  Hague,  No.  268. 

Archean-Cambrian  contact,  Colorado,  Croeby, 
No.  120. 

Aspects  of  erosion,  Smith,  No.  695. 

Beach  cusps,  Jefferson,  No.  359. 

Boundary  between  Potsdam  and   pre-Cam-  \ 
brian.  New  York,  Cushing,  No.  133.  ' 

Carbon  dioxide  of  the  ocean  and  atmosphere, 
Tolman,  No.  630. 

Crystal  Falls  district,  Michigan,  Van  Hise, 
No.  669. 

Dislocation  at  Thirtymlle  Point,  New  York, 
Gilbert,  No.  218. 

Drainage  peculiarity  in  Maine,  Burr,  No.  75. 

Effect  of  sea  barriers  upon  ultimate  drainage, 
Newsom,  No.  497. 

Elmoro  folio,  Colorado,  Hills,  No.  319. 

EoUan  depositB,  Minnesota,  Hall  and  Sarde- 
son,  No.  274. 

Estimating  age  of  Niagara   Falls,  Wright, 
No.  797. 

Evolution  continentale  du  Mexique,  Agul- 
lera.  No.  6. 

Evolution  of  climates,  Manson,  No.  461. 

Felsites  and  associated  rocks,  Michigan,  Hub- 
bard, No.  343. 

Formation  of  dikes  and  veins,  Shaler,  No.  578. 

Fort  Benton  folio,  Montana,  Weed,  No.  701. 

From  driftless  area  to  lowan  drift,  Calvin, 
No.  79. 

Geologla  de  los  Alrededores  de  Orizaba,  BGse, 
No.  66. 

Geological  History  of  Nashua  Valley,  Massa- 
chusetts, Crosby,  No.  122. 

Geology  of  eastern  Berkshire  County,  Massa- 
chusetts, Emerson,  No.  176. 

Geology  of  Gallatin  Mountains,  Wyoming, 
Iddings  and  Weed,  No.  354. 

Geology  of  Jamaica,  Hill,  No.  318. 

Geology  of  Muscatine  County,  Iowa,  Udden, 
No.642. 

Geology  of  Narragansett  Basin,  Shaler,  Wood- 
worth,  and  Foerste,  No.  582. 

Geology  of  Point  Reyes  Peninsula,  CaUf omia, 
Anderson,  No.  16. 

Geology  of  Richmond  Basin,  Virginia,  Shaler 
and  Woodworth,  No.  581. 

Geology  of  Tintic  mining  district, Utah,Tower 
and  Smith,  No.  632. 

Geology  of  Yukon  Territory,  Alaska,  Norden- 
skJ51d,  No.  600. 

Glacial  history  of  New  England  islands,  Up- 
ham,  No.  664. 

Glacial  sculpture  in  western  New  York,  Gil- 
bert, No.  217. 


Dynamic  geology— Continued. 

Glacial  -waters  in  Finger  Lakes  region.  New 
York,  Fairchild,  No.  180. 

Hatteras  axis  in  Triassic  and  Miocene  time, 
Glenn,  No.  224. 

Intrusion  in  Inwood  limestone,  Eckel,  No.  168. 

Investigation  of  motion  of  ground  waters, 
Slichter,No.589. 

Is  the  so-called  upheaval  of  Scandinavia  ap« 
paren  tor  real?    Pearson ,  No.  518. 

Laccoliths  and  bysmaliths.  Weed,  No.  705. 

Latest  eruptions  on  Pacific  coast,  Diller,  No. 
160. 

Laws  of  climatic  evolution,  Manson,  No.  460. 

Little  Belt  Mountains  folio,  Montana,  Weed, 
No.  702. 

Loess  deposits  of  Montana,  Shaler,  No.  577. 

Movements  of  ground  water.  King,  No.  384. 

Notes  on  weathering  of  diabase,  Watson,  No. 
699. 

Observations  on  dirtstorms,  Hershey,  No.  300. 

On  a  method  of  stream  capture,  Lane,  No.  420. 

Ozarkian  and  its  significance  in  geology, 
LeConte,No.423. 

Physiography  and  geology  of  Nicaragua, 
Hayes,  No.  296. 

Piracy  of  Yellowstone,  Goode,  No.  226. 

Plutonic  plugs,  Emmons,  No.  178. 

Rapids  of  Mississippi  River,  Leverett,  No.  434. 

Report  on  Isle  Royale,  Michigan,  Lane,No.417. 

Report  of  Sushitna  expedition,  Alaska,  El- 
drldge  and  Muldrow,  No.  172. 

Ripple  marks  and  cro68  bedding,  Gilbert,  No. 
219. 

Shore  development  of  Bras  d'Or  lakes.  Wood- 
man, No.  785. 

Shoreline  topography,  Gulliver,  No.  264. 

Slate  belt  of  New  York  and  Vermont,  Dale, 
No.  184. 

Spacing  of  rivers  with  reference  to  hypoth- 
esis of  base  leveling,  Shaler,  No.  579. 

Stratification  planes,  Keyes,  No.  380. 

Study  of  contact  metamoiphiam,  Michigan, 
Clements,  No.  104. 

Telluride  folio,  Colorado,  Cross,  No.  128. 

Tertiary  volcanoes  of  Absaroka  Range,  Wyo- 
ming, Hague,  No.  270. 

The  peneplain,  Daly,  No.  138. 

The  peneplain,  Davis,  No.  144. 

Use  of  terms  "  rock  weathering,"  "  serpen tln- 
ixation,"  and  "hydrometamorphism,"  Mer- 
rill, No.  482. 

Water  supply  from  artesian  wells.  New  Jer- 
sey, Vermeule,  No.  677. 
Economic  geology. 
Oeneral. 

American  ornamental  stones,  Merrill,  No.  484. 

Dry  gold  placers  of  arid  regions.  Stone,  No. 
615. 

Feldspar,  its  occurrence,  mining,  and  uses, 
Hopkins,  No.  337. 

Genesis  of  ore  deposits,  Minor,  Mo.  489. 

Genesis  of  petroleum  and  asphaltum.  Cooper, 
Nos.  115  and  116. 

Kaolin,  its  occurrence,  technology,  and  trade, 
Hopkins,  No.  336. 
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Economic  geology— Continued. 
6en«ra2— Continued. 
Mica  in  United  States,  Holmes,  No.  8S1. 
Occorrence  and  uses  of  mica.  Fuller,  Na  197. 
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STC. 
Side  light  upon  coal  formation,  Oresley,  No. 
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Ore-bearing  schists  of  Cape  Breton,  Woodman, 

No.  788. 
Prospecting  for  oomndum,  Miller,  No.  487. 
Silver-lead  deposits  of  the  Slocan,  Kendall, 

No.  875. 
Surface  geology  and  auriferous  deposits,  Que- 
bec, Chalmers,  No.  88. 
West  coast  of  Vancouver  Island,  Brewer,  Na 

60. 
West  Kootenay  ore  bodies,  British  Colnmbii, 

Brock,  No.  67. 
Windermere  division.  East  Kootenay  disMcV 

British  Columbia,  Brewer,  No.  68. 
Ooiorado. 
Coal  fields  of  Colorado,  Lakes,  No.  406. 
Elmoro  folio.  Hills,  No.  S19. 
Grand  River  coal  fleld,  Lakes,  No.  4ia 
Natural  gas.  Lakes,  No.  404. 
Telluride  quadrangle,  Purington,  No.  538. 
Vein  formation  of  Gilpin  County,  Rickard, 

No.  548. 
Qtorgia. 
Artesian  well  S3rstem  of  Georgia,  MoCallie. 

No.  461. 
Clays  of  Georgia,  Ladd,  No.  399. 
Corundum  mining,  Ropes,  No.  554. 
Cretaceous  and  associated  clays,  Ladd,  Na 

400. 
Gold  deposits  of  Georgia,  McCallie,  No.  462. 
Idaho. 
Buffalo  Hump  mining  camp.  Whittle,  No.  732. 
Copper  deposits  of  "Seven  Devils,"  Undgren, 

No.  437. 
Idaho  gold  fleld,  Maguire,  No.  458. 
Snake  River  gold  flelds,  Maguire,  No.  459. 
lUinoiM. 
Gold-bearing  formations,  Hershey,  No.  3W. 
Illinois  glacial  lobe,  Leverett,  No.  431. 
Indiana. 
Bedford  oolitic  limestone,  Siebenthal.  No.  585. 
Coal  deposits  of  Indiana,  Ashley,  No.  17. 
Wells  of  Indiana,  Leverett,  Nos.  432,433 
Indian  TcrrUory. 

Albertite-like  asphalt,  Tafl,  No.  617. 
Iowa. 
Artesian  wells  of  Belle  Plaine,  Mosnat>  Na 

492. 
Burlington  artesian  well,  Fults,  No.  211. 
Dubuque  lead  and  zinc  mines.  Bain,  No.  23. 
Geology  of  Carroll  County,  Bain,  No.  21. 
Geology  of  Humboldt  County,  Macbride,  Na 

450. 


]    PALEOHTOLOGY,  FSTBOLOGT,  AND  MINEBALOGY,  1899.       106 


Economic  geology— Gonttnned. 
JoiMi— Continoed. 
Geology  of  Muscftttne  County,  Udden,  No.  642. 
Geology  of  Scott  County,  Norton,  No.  501. 
Geology  of  Story  County,  Beyer,  Na  49. 
KanaoB. 
Deep  well  at  MadiBon,  Bushong,  No.  77. 
Onyx  deposits  of  Barren  County,  Gorby,  No. 

227. 
Structure  of  lola  gas  field,  Orton,  No.  606. 
LouiHaiwL 
General  geology,  HarriB  and  Veatch,  No.28S. 
Louisiana  clay  samples,  Ries,  No.  646. 
The  five  islands,  Veatch,  No.  674. 
Ma$9adiuaeU». 
Building  and  road  stones  of  Maanchusetts, 

No.  731. 
Geology  of  eastern  Berkshire  County,  Emer- 
son, No.  176. 
Geology  of  Narragansett  Basin,  Shaler,  Wood- 
worth,  and  Foerste,  No.  582. 
Mexico. 
£1  Real  del  Monte,  Ordofies  and  Rangel,  No. 

608. 
Gold  resources  of  Mexico,  Comely,  No.  114. 
Michigan. 
Coal  in  Michigan,  Holmes,  No.  880. 
Crystal  Falls  iron-bearing  district,  Clements 

and  Smyth,  No.  106. 
Michigan  mineral  waters.  Lane,  No.  419. 
Water  resources  of  Michigan,  Lane,  No.  418. 
Mbineat^a. 
Geology  of  Akeley  Lake  plate,  Grant,  No.  241. 
Geology  of  Mountain  Iron  plate,  Winohell, 

No.  762. 
Geology  of  Mountain  Lake  plate.  Grant,  No. 

244. 
Geology  of  Virginia  plate,  Winchell,  No.  768. 
Rainy  Lake  gold  region,  Winchell  and  Grant, 
No.  780. 
MiMOuH. 
Reconnaissance  from  Springfield  into  Arkan- 
sas, Schmiti,  No.  669. 
Manlana. 
Fort  Benton  folio.  Weed,  No.  701. 
Little  Belt  Mountains  folio.  Weed,  No.  702. 
Nebraska. 
Geology  of  Nebraska,  Darton,  No.  189. 
Wells  in  Nebraska,  Barbour,  No.  29. 
Nevada. 

Nevada  sulphur  deposits,  Fulton,  No.  210. 
New  Jersey. 
Artesian  wells  in  New  Jersey,  Woolman,  No 

794. 
Water  supply  from  wells,  Vermeule,  No.  677. 
New  York. 
Brine  springs  and  salt  wells,  Luther,  No.  449. 
Fibrous  talc  in  St.  Lawrence  County,  Neyius, 

No.  496. 
Petroleum  and  natural  gas  in  New  York,  Or- 
ton, No.  606. 
Slate  belt  of  New  York  and  Vermont,  Dale, 

No.  134. 
Titaniferous  iron  ores  of  Adirondacks,  Kemp, 
No.  370. 
Norih  Carolina. 
Corundum  mining.  Ropes,  No.  654. 


Economic  geology— Continued. 
North  J)akota. 

Coal  in  North  Dakota,  Babcock,  No.  18. 
Ohto. 

Jackson  County  coal  mines,  Roy,  No.  666. 

Rock  waters  of  Ohio,  Orton,  No.  604. 
Oregon. 

Coal  of  Newport  mine,  Day,  No.  154. 

Coos  Bay  coal  field,  Diller,  No.  157. 
Panama. 

Gold  deposits  of  Panama,  Hershey,  No.  802. 
Pennsylvania. 

Clays  of  Pennsylvania,  Hopkins,  No.  834. 

Feldspars  and  kaolins,  Hopkins,  No.  835. 
Porto  Bico. 

Mineral  resources,  Domenech,  No.  162. 

Water  resources  of  Porto  Rico,  Wilson,  No. 
766. 
'Dsnnessee. 

Standingstone  folio,  Campbell,  No.  80. 

Tennessee  phosphate  fields,  Hayes,  No.  296. 
Utah. 

Geology  of  Tin  tic  mining  district.  Tower  and 
Smith,  No.  682. 

Old  Telegraph  mine,  Lavagnino,  No.  422. 
Vermont 

Slate  belt  of  New  York  and  Vermont,  Dale, 
No.  134. 
Virginia. 

Geology  of    Richmond   Basin,   Shaler  and 
Wood  worth.  No.  681. 
Washington. 

Tacoma  folio,  Willis  and  Smith,  No.  746. 
West  Virginia. 

Petroleum  and  natural  gas.  White,  No.  722. 
Wisconsin. 

Building  and  ornamental  stones,  Buckley, 
No.  73. 
Wyoming. 

Oil  fields  of    Crook    and    Uinta    counties. 
Knight,  No.  890. 
Economic  products  described. 

Asphalt,  Day,  No.  154. 

Asphalt,  Taff,  No.  616. 

Asphaltum,  Cooper,  Noe.  116, 116. 

Asphaltum,  Lakes,  No.  409. 

Artesian  water,  Fults,  No.  211. 

Artesian  well,  Bushong,  No.  77. 

Artesian  wells,  McCallie,  No.  451. 

Artesian  wells,  Matthew  and  Kain,  No.  478. 

Artesian  wells,  Mosnat,  No.  492. 

Artesian  wells,  Vermeule,  No.  677. 

Artesian  wells,  Woolman,  No.  794. 

Building  stone,  Beyer,  No.  49. 

Building  stone,  Buckley,  No.  78. 

Building  stone,  Norton,  No.  601. 

Building  stone,  Slebenthal,  No.  585. 

Building  stones.  Whittle,  No.  781. 

Clay,  Bain,  No.  21. 

Clay,  Beyer,  No.  49. 

Clay,  Hopkins,  No.  334. 

Clay,  Ladd,  Nos.  899, 400. 

Clay,  Norton,  No.  501. 

Clay,  Ries,  No.  546. 

Coal,  Ashley,  No.  17. 

Coal,  Babcock,  No.  18. 

Coal,  Bain,  Noe.  21, 24. 
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Economic  geology — Oontinned. 
Eo(momic  products  describedr-OontimieA. 
CkMl,  Beyer,  No.  49. 
Coal,  Campbell,  No.  80. 
Coal,  Dawson,  No.  148. 
Coal,  Day,  No.  154. 
Coal,DUler,No.l57. 
Coal,  Eldridge,  No.  170. 
Coal ,  Eldridge  and  Maldiow,  No.  172. 
Coal.  Gresley,  No.  261. 
Coal,  Hills,  No.  319. 
Coal,  Holmes,  No.  8S0. 
Coal,  Lakes.  No.  408. 
Coal,  Mendenhall,  Nos.  476, 477. 
Coal,  Norton,  No.  601. 
Coal,  Roy,  No.  665. 

Coal,  Shaler  and  Woodworth,No.581, 
Coal,Shaler,Woodworth,  and  Foente,No.682. 
Coal,Taff,No.616. 
Coal,  Weed,  No.  701. 
Coal,  Willis  and  Smith,  No.  74ft. 
Copper,  Coleman,  No.  111. 
Copper,  Lindgren,  No.  487. 
Copper,  Peters  and  Brooks,  No.  OHL 
Copper,  Schrader,  No.  570. 
Corondum,  Blue,  Nos.  54, 55. 
Conmdum,  Gibson,  No.  216. 
Corundmn,  Hunt,  No.  344. 
Corundum,  Miller,  Nos.  486, 487, 488. 
Corundum,  Ropes,  No.  654. 
Feldspar,  Hopkins,  Nos.  885, 887. 
Gold,  Barlow,  No.  32, 
Gold,  Barnard,  No.  85. 
Gold,  Bow,  No.  67. 
Gold,  Brock,  No.  67. 
Gold,  Brook,  No.  68. 
Gold,  Brooks,  No.  69. 
Gold,  Chalmew,  No.  88. 
Gold,  Comely,  No.  114. 
Gold,  Eldridge,  No.  170. 
Gold,  Eldridge  and  Muldrow,No.  172. 
Gold,  Faribault,  No.  182. 
Gold,  Fowler,  No.  194. 
Gold,  Heilprin,  No.  299. 
Gold,  Hershey,  Nos.  301, 304,806. 
Gold,  Heydon,  No.  307. 
Gold,  Lavagnino,  No.  422. 
Gold,  Ludloff,  No.  447. 
Gold,McCallie,No.462. 
Gold,  Melnncs,  No.  456. 
Gold,  Maguire,  Nos.  468, 469. 
Gold,  Mendenhall,  Nos.  476, 477. 
Gk)ld,  Nordenskjold,  No.  499. 
Gold,  Petcn*  and  Brooks,  No.  624, 
Gold,  Purington,  No.  638. 
Gold,  RIckard,  No.  548. 
Gold,  Schrader,  No.  670. 
Gk)ld,Spurr,No.599. 
Gold,  Spurr  and  Post,  No.  601. 
Gold,  Stone,  No.  015. 
Gold,  Tower  and  Smith,  No.  632. 
Gold,  Weed,  Nos.  701, 702. 
Gold,  WInchell  and  Grant, No. 780. 
Gold,  Woodman,  No.  784. 
Grahamite,  White,  No.  723. 
Hiibnerite,  Blake,  No.  62. 
Iron,  Castleman,  No.  83. 


Economic  geology— Continned. 
Economic  products  dctcHbedr-^CoaUnned, 

Iron,  Clements  and  Smyth,  No.  106. 

Iron,  Coleman  and  Willmot,  No.  112. 

Iron,  Grant,  No.  241. 

Iron,  tltaniferons,  Kemp,  No.  870. 

Iron,  Mclnnes,  No.  466. 

Iron,  WincheU,  Nos.  762, 7es. 

Kaolin,  Hopkins,  Nos.  835, 886. 

Lead,  Bain,  No.  23. 

Lead,  Kendall,  No.  875. 

Mlca,FuUer,No.l97. 

Mica,  Holmes,  No.  88L 

Mineral  waten.  Lane,  No.  419. 

Natural  gas.  Lakes,  No.  4DI. 

Natural  gas,  Orton,  No.  506. 

Natural  gas.  White,  No.  722. 

OU,  Knight,  No.  990. 

Oil,Orton,No.506. 

OU,Watt»,No.700. 

Onyx,  Gorby,  No.  227. 

Petroleum,  Cooper,  Nos.  115, 116. 

Petroleum,  Fairbanks,  No.  179. 

Petroleum,  Orton,  No.  606. 

Petroleum,  White,  No.  722. 

Phosphate,  Hayes,  No.  295. 

Pyrrhotite,  Niool,  No.  ^8. 

QnicksUver,  Colquhoun,  No.  IISL 

Salt,  Luther,  No.  449. 

Salt,yeatch,No.674. 

Sapphire,  Weed,  No.  702. 

SOver,  Barlow,  No.  82. 

Silver,  Brock,  No.  67. 

Silver,  Fowler,  No.  194. 

Silver,  Grant,  No.  244. 

Silver,  Lavagnino,  No.  422. 

Silver,  Kendall,  No.  376. 

Silver,  native,  Kunz,  No.  898. 

Silver,  Purington,  No.  638. 

Silver,  RIckard,  No.  548. 

Silver,  Tower  and  Smith,  No.  632. 

Silver,  Weed,  Nos.  701,  702. 

Sodium  carbonate,  Knapp,  No.  386. 

Sulphur,  Fulton,  No.  210. 

Talc,  Nevius,  No.  496. 

Titaniferous  magnetite,  Kemp,  No.  872. 

Water  supply,  Bain,  No.  21. 

Water  supply,  Barbour,  No.  29. 

Water  supply,  Darton,  No.  139. 

Water  supply,  Lane,  No.  418. 

Water  supply,  Leverett,  Nos.  431, 432,  433. 

Water  supply,  Orton,  No.  504. 

Water  supply,  Wilson,  No.  755. 

Wolframite,  Blake,  No.  63. 

Zinc,  Bain,  No.  23. 

Zinc,  Schmitz,  No.  669. 
Florida. 

New  Pliocene  Polygyra,  Johnson,  No.  86L 
Geologic  formations  described. 

Absarokite  group,  Hague,  No.  268. 

Acadian,  Clarke  and  Schuchert,  No.  101. 

Admiralty  till,  Willis  and  Smith,  No,  746. 

AJibik  quartzite,  Van  Hise,  No.  669. 

Altamont  moraine,  Todd,  No.  624. 

Animikie,  Grant,  Nos.  234.  238,  240.  242,  247. 

Animlkie,  Mclnnes,  No.  456. 

Animikie,  Winchell,  Nos.  760,  768, 764. 765, 76& 
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Gc:?loiric  formations  described— Condnned. 
Animoaa,  Norton,  No.  601. 
Apiflhapa  formation,  Hills,  No.  819. 
Aquidneck  shales,  Shaler,  Woodworth,  and 

Foeiste,  No.  682. 
Arago  formation,  Diller,  No.  157. 
Arikaree  formation,  Darton,  No.  139. 
Aahton    schists,    Shaler,   Woodworth,    and 

Foerste,  No.  682. 
Atchison  shale,  Keyes,  No.  878. 
Atchison  shale,  Proaser,  No.  685. 
Atlantoflanms  beds,  Marsh,  No.  468. 
Attleboro  sandstone,  Shaler,  Woodworth,  and 

Foerste,  No.  582. 
Avalon  terrane,  Walcott,  No.  681. 
Ballard,  Hill,  818. 
Barbican,  Hill,  No.  813. 
Barker  formation,  Weed,  Noe.  701, 702. 
Barker  porphyry,  Weed,  Nos.  701,  702. 
Barrington  clays.  Fuller,  No.  195. 
Baasimenan  lake  granite,  Winchell,  No.  760. 
Becraft  limestone,  Clarke  and  Schuchert,  No. 

101. 
Bed-rock  series,  Turner  and  Ransome,  No.  688. 
Beekmantown  limestone,  Clarke  and  Schu- 
chert, No.  101. 
Belt  formation.  Weed,  No.  702. 
Benton  formation,  Darton,  No.  139. 
Bethany  limestone,  Keyes,  No.  878. 
Berkshire  schist,  Dale,  No.  134. 
Beulah  clays,  Ward,  No.  690. 
Black  Patch  grit,  Dale,  No.  184. 
Black  River  limestone,  Clarke  and  Schuchert, 

No.  101. 
Blackstone  series,  Shaler,  Woodworth,  and 

Foerate,  No.  662. 
Bloomington  moraine,  Leverett,  No.  4S1. 
Bluebird  aplite,Weed,  No.  701 
Blue  Hills  shale,  Logan,  No.  439. 
Blue  Mountain  series,  Hill,  No.  818. 
Boggy  shale,  Taff,  No.  616. 
Bogue  Island  formation,  Hill,  No.  818. 
Bohemia  conglomerate,  Hubbard,  No.  848. 
Bonair  conglomerate  lentil,  Campbell,  No.  80. 
Bone  Lake  crystalline  schists,  Clements  and 

Smyth,  No.  105. 
Bowden  formation,  Hill,  No.  818. 
Brito  formation,  Hayes,  No.  296. 
Brule  clay,  Darton,  No.  189. 
Brunswick  beds,  Ktlmmel,  No.  896. 
Buchanan  gravels,  Beyer,  No.  49. 
Buff  Bay  beds.  Hill,  No.  813. 
Butte  granite, Weed,  No.  704. 
Cabotian,  Grant,  No.  234. 
Cabotian,  Winchell,  No.  769. 
Cabotian  lavas, Winchell,  No.  758. 
Cache  Creek  formation,  Dawson,  No.  150. 
Calaveras  formation.  Turner  and  Ransome, 

No.  639. 
Cambric,  Clarke  and  Schuchert,  No.  101. 
Cambridge  formation.  Hill,  No.  818. 
Camden  chert,  Safford  and  Schuchert,  No.  559. 
Canadian,  Clarke  and  Schuchert,  No.  101. 
Cantwell  conglomerate,  Eldridge  and  Mul- 

drow,No.l72. 
Cape  John  sandstones.  Ami,  No.'9. 
CatUle  shale,  Hilla,  No.  819. 


Geologic  formations  described — Continued. 
Cascade  formation, Weed,  Nos.  701, 702. 
Castle  granite, Weed,  No.  702. 
Catadupa  beds.  Hill,  No.  818. 
Catskill  sandstone,  Clarke  and  Schuchert, 

No.  101. 
Oayugan,  Clarke  and  Schuchert,  No.  101. 
Cedar  Valley  limestone,  Udden,  No.  642. 
Cedar  Valley  stage,  Norton,  No.  601. 
Cerro  Gordo  moraine,  Leverett,  No.  431. 
Chadron  formation,  Darton,  No.  139. 
Champaign  moraine,  Leverett,  No.  431. 
Champlainic,  Clarke  and  Schuchert,  No.  101. 
Chapelton  beds,  Hill,  No.  313. 
Chase  formation,  Proraer,  No.  636. 
Chattanooga  shale,  Campbell,  No.  80. 
Chautauquan,  Clarke  and  Schuchert,  No.  lOL 
Chazy  limestone,  Clarke  and  Schuchert,  No. 

101. 
Chemung,  Luther,  No.  449. 
Chemung  beds,  Clarke  and  Schuchert,  No.  lOL 
Cherokee  shales,  Orton,  No.  505. 
Cheshire  quartzite,  Emerson,  No.  176. 
Chesterfield  group,  Shaler  and  Woodworth, 

No.  681. 
Cheyenne  sandstone,  Prosser,  No.  586. 
Chuar  terrane,  Walcott,  No.  681. 
Clncinnatian,  Clarke  and  Schuchert,  No.  lOL 
Clear  Creek  limestone,  SalTord  and  Schuchert, 

No.  669. 
Clinton,  GUbert,  No.  217. 
Clinton  beds,  Clarke  and  Schuchert,  No.  101. 
Clinton  group,  Luther,  No.  449. 
Coaledo  formation,  Diller,  No.  157. 
Coal  Measurea,  Beede,  No.  45. 
Coal  Measures,  White,  No.  n9. 
Coastal  series.  Hill,  No.  818. 
Coasters  Harbor  Island  arkose,  Shaler,  Wood- 
worth,  and  Foerste,  No.  582. 
Cobre  formation,  Hill,  No.  813. 
Coeyaman  limestone,  Clarke  and  Schuchert, 

No.  101. 
Coldwater  shales,  Lane,  No.  418. 
Coles  Brook  limestone,  Emerson,  No.  176. 
Colorado  formation,  Weed,  No.  701. 
Conanicut  arkose,  Shaler,  Woodworth,  and 

Foerste,  No.  682. 
Conception  slate,  Walcott,  No.  681. 
Copper  Mountain  greenstone,  Schrader,  No. 

570. 
Cottonwood  limestone,  Keyes,  No.  378. 
Courtland  quartzite.  Hall,  No.  272. 
Coutchiching,  Grant,  No.  247. 
Coutchiching,  Mclnnes,  No.  456. 
Coutchiching,  Winchell  and  Grant,  No.  780. 
Cranston    beds,    Shaler,    Woodworth,   and 

Foerste,  No.  582. 
Cumberland  quartzite,  Shaler,  Woodworth, 

and  Foerste,  No.  582. 
Dakota,  Bain,  No.  21. 
Dakota  formation.  Cross,  No.  128. 
Dakota  formation.  Weed,  No.  701. 
Dakota  sandstone,  Darton,  No.  139. 
Dakota  sandstone.  Hills,  No.  819. 
Dakota  sandstone.  Ward,  No.  690. 
Davenport  beds,  Norton,  No.  601. 
Dea  Moinea,  Bain,  No.  21. 
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Oeoloffic  formations  described — Continued. 

Des  Moines,  Macbrlde,  No.  450. 

Des  Moines,  Uddcn,  No.  642. 

Des  Moines  stage,  Beyer,  No.  49. 

Devonic,  Clarke  and  Scbuchert,  No.  101. 

Dielasma  beds,  Norton,  No.  501. 

Dighton  conglomerate  group,  Bhaler,  Wood- 
worth,  and  Foerste,  No.  582. 

Dolores  formation.  Cross,  No.  128. 

Dundee  limestone,  Lane,  No.  418. 

Eagle  formation,  Weed,  No.  701. 

East  Lee  limestone,  Emerson,  No.  176. 

Eastern  sandstone,  Hubbard,  No.  348. 

Ellis  formation,  Weed,  Nos.  701,  702. 

Empire  formation,  Diller,  No.  157. 

Empire  shales,  Waloott,  No.  681. 

Erian,  Clarice  and  Scbuchert,  Na  101. 

Esopus  grit,  Clarke  and  Scbuchert,  No.  101. 

Etcheminlan  terrane,  Matthew,  No.  409. 

Eureka  limestone.  Tower  and  Smith,  Na  682. 

Falmouth  formation,  Hill,  No.  818. 

Favette  breccia,  Udden,  No.  642. 

Flathead  formation,  Hague,  No.  268. 

Fond  du  Lac  sandstone,  Winchell,  No.  709. 

Forbes  limestone,  Keyes,  No.  878. 

Fort  Benton  group,  Logan,  No.  489. 

Fort  Hays  limestone,  Logan,  No.  489. 

Franciscan  series,  Anderson,  No.  16. 

Frankenfleld,  Hill,  No.  813. 

Gale  sand,  Willis  and  Smith,  No.  746. 

Gallatin  limestone,  Hague,  No.  268. 

Gary  moraine,  Todd,  No.  624. 

Genesee  shale,  Clarke  and  Scbuchert,  No.  101. 

Genesee  slate,  Luther,  No.  449. 

Georgia  slates,  Clarke  and  Scbuchert,  No.  101. 

Georgian,  Clarke  and  Scbuchert,  No.  101. 

Gering  formation,  Darton,  No.  139. 

Godiva  limestone,  Tower  and  Smith,  No.  632. 

Goose  Pond  limestone,  Emerson,  No.  176. 

Gower  stage,  Norton,  No.  501. 

Grand  Canyon  series,  Walcott,  No.  681. 

Grand  Gulf,  Harris  and  Veatch,  No.  283. 

Grand  Portage  graywackc,  Winchell,  No.  766. 

Graneros  shale.  Hills,  No.  319. 

Grenville  seritrs,  Barlow,  No.  32. 

Greyson  shale,  Walcott,  No.  681. 

Grovoland  formation,  Clements  and  Smyth, 
No.  105. 

Groveland  formation,  Van  Hi«e,No.669. 

Guertie  sand,  Taff,  No.  616. 

Guelph  dolomite,  Clarke  and  Scbuchert,  No. 
101. 

Gunni.Hon  formation,  Cross,  No.  128. 

Hamilton  beds,  Clarke  and  Scbuchert,  No.  101. 

Hamilton  group,  Grabau,  No.  280. 

Hamilton  group,  Luther,  No.  449. 

Hartshorne  windstone,  TafT,  No.  616. 

Hay  Creek  coal  formation.  Ward,  No.  690. 

Helderbergian,  Clarke  and  Scbuchert,  No.  101. 

Helena  limestone,  Walcott,  No.  681. 

Hemlock  formation,  Clements,  No.  104. 

Hemlock  formation,  Clements  and  Smyth, 
No.  106. 

High  wood  syenite.  Weed,  No.  701. 

Hill  River  moraine,  Todd,  No.  629. 

Hinckley  sandstone,  Winchell,  No.  767. 


Geologic  fonnationa  described— Oontinucd. 
Hinsdale  gneiss  and  limestone,  EmenoD.Nc 

176. 
Hoosac  schist,  Emerson,  No.  176. 
Hop  Brook  limestone,  Emerson,  No.  176. 
Hudson  shale.  Dale,  No.  184. 
Hudson  Riyer  group,  Luther,  No.  449. 
Humbug  series.  Tower  and  Smith,  No.  632. 
Huronian,  Barlow,  No.  32. 
Huronian  (Lower)  8eries,Clementii  and  Smjrth 

No.  105. 
Huronian  series,  Van  Hise,  No.  669. 
niinoian  drift,  Calvin,  No.  78. 
niinoian  drift,  Leverett,  No.  431. 
niinoian  till,  Udden,  No.  642. 
Independence  shale,  Norton,  No.  501. 
Inwood  limestone,  Eckel,  No.  168. 
lola  limestone,  Keyes,  No.  378. 
lowan  drift,  Calvin,  No.  78. 
lowan  drift,  Leverett,  No.  43L 
Ishpeming  formation,  Van  Hise,  No.  669. 
Itasca  moraine,  Todd,  No.  629. 
Ithaca  beds,  Clarke  and  Scbuchert,  No.  lOL 
Jackson,  Harris  and  Veatch,  No.  283. 
Jackson  series.  Lane,  No.  418. 
Jefferson  limestone,  Hague,  No.  268. 
Jerusalem,  Hill,  No.  313. 
Kansan  drift,  Bain,  Nos.  21,  22. 
Kansan  drift,  Beyer,  No.  49. 
Kansan  drift,  Calvin,  No.  78. 
Kansan  drift,  Macbrlde,  No.  450. 
Kansan  till,  Norton,  No.  501. 
Kansan  till,  Udden,  No.  642. 
Kearsaige  conglomerate,  Hubbard,  No.  343. 
Keewatin,  Grant,  Nos.  239,  241. 247. 
Keewatin,  Mclnnes,  No.  456. 
Keewatin,  Winchell,  Nos.  760,  764,  767. 
Keewatin,  Upper  and  Lower,  Winchell,  No. 

756. 
Keewatin,  Winchell  and  Grant,  No.  780. 
Kenai  series,  Eldridge  and  Muldrow,  No.  172. 
Kendal  Green  slate,  Hobbs,  No.  320. 
Keweenaw  series.  Lane,  No.  417. 
Keweenaw  series,  W^alcott,  No.  681. 
Keweenawan,  Grant,  Nos.  234, 238,  240, 241,211 
Keweenawan,  Winchell,  Nos.  757,  766. 
Kindcrhook  limestone,  Macbride,  No.  450. 
Kingston  beds,  Clarke  and  Schuchert>  No.  lOL 
Kingston  formation.  Hill,  No.  313. 
Kingstown  series,  Sbaler,  Woodworth,  and 

Foerste,  No.  582. 
Klutena  series,  Schradcr,  No.  570. 
Kona  dolomite.  Van  Hise,  No.  669. 
Laden  town  trap.  KOmmel,  No.  395. 
Lafayette,  Harris,  and  Veatch,  No.  283. 
Lake  Bonneville  beds.  Tower  and  Smith,  No. 

633. 
Lake  Ketihi  moraine,  Todd,  No.  629. 
La  Plata  formation.  Cross,  No.  128. 
Laramie  formation.  Hills,  No.  319. 
Laramie  formation.  Weed,  No.  702. 
Lauren tian.  Barlow,  No.  32. 
Laurentian,  Mclnnes,  No.  456. 
Lauren  tian,  Winchell  and  Grant,  No.  780. 
Lawrence  shale,  Keyes,  No.  878. 
Le  Claire  beds,  Norton,  No.  501. 
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3eolo|^c  formations  described — Continued. 
Lee  formation,  Campbell,  No.  80. 
Lee  gneiss,  Emerson,  No.  176. 
Lignitic,  Harris  and  Veatch,  No.  283. 
Lincoln  slate,  Hobbe,  No.  820. 
Little  Compton  shales,  Shaler,  Woodworth, 

and  Foerste,  No.  582. 
Livingston  formation.  Weed,  No.  702. 
Lockatong  group,  KOmmel,  No.  896. 
Lockport  limestone,  Clarke  and  Bchuchert, 

No.  101. 
Loco  diorite.  Weed,  No.  702. 
Loess,  Bain,  No.  21. 
Loess,  Beyer,  No.  49. 
Loess,  Hall  and  Sardeson,  No.  274. 
Loess,  Norton,  No.  501. 
Loess,  Shaler,  No.  577. 
Loess,  Todd,  No.  624. 
Loess,  Udden,  No.  642. 
Loess  formation,  Sardeson,  No.  566. 
Loess  formation,  Shimek,  No.  588. 
Logic  Green,  Hill,  No.  313. 
Lorraine  beds,  Clarke  and  Schuchert,  No.  131. 
Lower  Claiborne,  Harris  and  Veatch,  No.  283. 
Lower  Helderberg,  Girty,  No.  222. 
Lower  Magnesian  limestone,  Buckley,  No.  7b. 
Lowerre  quartzite,  Eckel,  No.  168. 
Lowville  limestone,  Clarke  and  Schuchert, 

No.  101. 
McAlester  shale,  Taff,  No.  616. 
McElmo  formation,  Cross,  No.  128. 
Machuca  formation,  Hayes,  No.  296. 
Madison  limestone,  Hague,  No.  268. 
Madison  limestone.  Weed,  Nos.  701, 702. 
Manchioneal  formation.  Hill,  No.  818. 
Mancos  shale,  Cross,  No.  128. 
Manhattan  schist,  Eckel,  No.  168. 
Manitou,  Grant,  No.  234. 
Manitou  series,  Winchell,  Nos.  760, 766. 
Manlius  limestone,  Clarke  and  Schuchert, 

No.  101. 
Mansfield  formation,  Clements,  No.  104. 
Mansfield  formation,  Clements  and  Smyth, 

No.  106. 
Marcellus  shale,  Clarke  and  Schuchert,  No. 

101. 
Marion  formation,  Prosser,  No.  535. 
Marseilles  moraine,  Leverett,  No.  481. 
Marsh  shales,  Walcott,  No.  681. 
Marshall  scries.  Lane,  No.  418. 
Marquette  series.  Van  Hisc,  No.  669. 
Matanuska  series,  Mendenhall,  No.  475. 
May  Pen  beds,  Hill,  No.  818. 
Medina,  Gilbert,  No.  217. 
Medina  sandstone,  Clarke  and  Schuchert,  No. 

101. 
Medina  sandstone,  Luther,  No.  449. 
Mesnard  quartzite.  Van  Hise,  No.  669. 
Michigamme  formation.  Van  Hise,  No.  669. 
Michigan  series,  Lane,  No.  418. 
Midland  sands,  Willis  and  Smith,  No.  746. 
Midway,  Harris  and  Veatch,  No.  288. 
MiUers  River  conglomerate,  Shaler,  Wood- 
worth,  and  Foerste,  No.  582. 
Minho  beds,  Hill,  No.  818. 
Mioriflsippian  series,  Beyer,  No.  49. 
Mohawkian,  Clarke  and  Schuchert,  No.  101. 


Geologic  formations  described— <k)ntinued. 
Momable  slate,  Walcott,  No.  681. 
Monarch  formation,  Weed,  Nos.  701, 702. 
Moneague  formation.  Hill,  No.  813. 
Monroe,  Lane,  No.  418. 
Montana  formation,  Hague,  No.  268. 
Montana  formation.  Weed,  No.  701. 
Montego  formation.  Hill,  No.  818. 
Montpelier  beds,  Hill,  No.  818. 
Naparima  marls,  Harrison  and  Jukes-Browne, 

No.  284. 
Naples  beds,  Clarke  and  Schuchert,  No.  101. 
Nasina  series,  Peters  and  Brooks,  No.  524. 
Natick    conglomerate,   Shaler,  Woodworth, 

and  Foerste,  No.  582. 
Negaunce  formation,  Van  Hise,  No.  669. 
Neihart  porphyry.  Weed,  No.  702. 
Neihart  quartzite,  Weed,  No.  702. 
Neihart  quartzite  and  sandstone,  Walcott,  No. 

681. 
Newark  system,  Kflmmel,  Nos.  896, 896. 
New  Glasgow  conglomerate,  Ami,  No.  9. 
Newland  limestone,  Walcott,  No.  681. 
Newman  limestone,  Campbell,  No.  80. 
Newport  Neck  shales,  Shaler,  Wood  worth,  and 

Foerste,  No.  582. 
New  Scotland  beds,  Clarke  and  Schuchert,  No. 

101. 
Niagara.  Gilbert,  No.  217. 
Niagara  formation,  Buckley,  No.  78. 
Niagara  group,  Luther,  No.  449. 
Niagaran,  Clarke  and  Schuchert,  No.  101. 
NUkola  formation,  Peters  and  Brooks,  No.  524. 
Niobrara  formation,  Darton,  No.  139. 
Niobrara  formation.  Hills,  No.  819. 
Niobrara  group,  Logan,  No.  489. 
Normandy  limestone,  Campbell,  No.  80. 
Nussbaum  formation.  Hills,  No.  819. 
Oak  Creek  beds,  Ward,  No.  690. 
Oceanic  series,  Hill,  No.  318. 
Ogallala  formation,  Darton,  No.  189. 
Olive  grit.  Dale,  No.  184. 
Oneida  conglomerate,  Clarke  and  Schuchert, 

No.  101. 
Oneida  conglomerate,  Luther,  No.  449. 
Oneonta  beds,  Clarke  and  Schuchert,  No.  101. 
Onondaga  group,  Luther,  No.  449. 
Onondaga  limestone,  Clarke  and  Schuchert, 

No.  101. 
Ontarian,  Winchell  and  Grant,  No.  780. 
Ontaric,  Clarke  and  Schuchert,  No.  101. 
Orca  series,  Schrader,  No.  570. 
Oriskanian,  Clarke  and  Schuchert,  No.  101. 
Oriskany  beds,  Clarke  and  Schuchert,  No.  101. 
Oriskany  sandstone,  Luther,  No.  449. 
Osceola  till,  Willis  and  Smith,  No.  746. 
Osw^an,  Clarke  and  Schuchert,  No.  101. 
Otis  limestone,  Norton,  No.  501. 
Otterdale  sandstone,  Shaler  and  Woodworth, 

No.  581. 
Panama  formation,  Hershey,  No.  802. 
Parkvllle  shale,  Keyes,  No.  378. 
Parma  sandstone.  Lane,  No.  418. 
Pawtucket  shales,  Shaler,  Woodworth,  ar.3 

Foerste,  No.  582. 
Pennington  shale,  Campbell,  No.  80. 
Peorian  zone,  Leveiett,  No.  481. 
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Oeolosic  fonnationB  de8Gribed--Oontliiaed. 
Pictoa  freeutones,  Ami,  No.  9. 
Pierre  clay,  Darton,  No.  189. 
Pierre  shale,  Hills,  No.  819. 
Pipe  Creek  conglomerate,  Udden,  Nos.  642,647. 
Pinto  diorite.  Weed,  No.  702. 
Platte  shale,  Keyes,  No.  878. 
Plattsborg  limestone,  Keyes,  No.  878. 
Plattsmouth  limestone,  Keyes,  No.  878. 
Pokegama  qoarUdte,  Grant,  Nos.  285, 286, 247. 
Pokegama  quartzite,  Winchell,  Nos.  762, 768. 
Pondville   group,  8haler,  Woodworth,  and 

FoerBte,No.682. 
Portage  beds,  Clarke  and  Scbuchert,  No.  lOt. 
Portage  group.  Lather,  No.  449. 
Port  Hndson,  Harris  and  Veatch,  No.  288. 
Poroos  formation.  Hill,  No.  818. 
Potomac  formation,  Ladd,  No.  400. 
Potosi  rhyolite  series,  Cross,  No.  128. 
Potsdam  sandstone,  Buckley,  No.  78. 
Potsdamian,  Clarke  and  Schuchert,  No.  101. 
Puckwunge  conglomerate,  Winchell,  Nos.  767, 

766. 
Puget  formation,  Willis  and  Smith,  No,  746. 
Pulaski  formation,  Diller,  No.  157. 
Purgatory  conglomerate,  8haler,  Woodworth 

and  Foerste,  No.  582. 
Quadrant  formation,  Weed,  Nos.  701,  702. 
Randvllle  dolomite,  Clements  and  Smyth, 

No.  105. 
Red  beds,  Williston,  No.  753. 
Red  Lake  moraine,  Todd,  No.  629. 
Richmond  beds,  Clarke  and  Schuchert,  No. 

101. 
Richmond  beds.  Hill,  No.  818. 
Robinson  diorite,  Weed,  No.  702. 
Robinson  quartzite,  Tower  and  Smith,  No.  632. 
Rochester  shale,  Clarke  and  Scbuchert,  No. 

101. 
Rockcastle  conglomerate   lentil,  Campbell, 

No.  80. 
Rondout  waterlime,  Clarke  and  Scbuchert, 

No.  101. 
Rose  Island  arkose,  Shaler,  Woodworth  and 

Foerste,  No.  582. 
Sachuest   arkose,    Shaler,    Woodworth   and 

Foerete,  No.  682. 
Saganaga  granite,  Grant,  No.  241. 
St.  Louis  conglomerate',  Hubbard,  No.  343. 
St.  Louis  limestone.  Beyer,  No.  49. 
St.  Louis  limestone,  Macbride,  No.  460. 
St.  Peters  sandstone,  Buckley,  No.  73. 
Salina  beds,  Clarke  and  Scbuchert,  No.  101. 
Salina  group,  Luther,  No.  449. 
Sangamon  zone,  Leverett,  No.  431. 
San  Juan  formation,  Cross,  No.  128. 
San  Miguel  formation,  Cross,  No.  128. 
Savanna  sandstone,  Taff,  No.  616. 
Senecan,  Clarke  and  Scbuchert,  No.  101. 
Schoharie  grit,  Clarke  and  Scbuchert,  No. 

101. 
Shawangunk  grit,    Clarke   and   Scbuchert, 

No.  101. 
Shelbyvllle  moraine,  Leverett,  No.  431. 
Siamo  slate,  Van  Hise,  No.  669. 
Signal  Hill  sandstone,  Walcott,  No.  68L 
Siluric,  Clarke  and  Scbuchert,  No.  lOL 


Geologic  formationa  described— Oontinned. 
Silveria  7  formation,  Lererett,  No.  421. 
Smalls  Brook  limestone,  Ami,  No.  9. 
Smelt  Brook  shales.  Ami,  No.  9. 
Smith  River  lake  beds.  Weed,  No.  702. 
Sockanoflset  sandstone,  Shaler,  Woodwoitii 

and  Foerste,  No.  682. 
Sooke  beds,  Merriam,  No.  481. 
Spokane  shales,  Waloott,  No.  681. 
Stanford  conglomerate.  Weed,  No.  701. 
Steep  Rock  series,  Mclnnes,  No.  456. 
Steilacoom  gravels,  Willis  and    Smith.  No. 

746. 
Stockton  group,  Ktimmel,  No.  396. 
Stonybreok  qnartdte,  Hobba,  No.  820. 
Stnntz  conglomeratok  Winchell,  Na  767. 
Stmgeon  formation.  Clementaand   Smytii, 

No.  105. 
Sukonk  beds,  Shaler,  Woodworth  and  Foente, 

No.  582. 
Sunrise  series,  Mendenhall,  No.  475. 
Superjacent  series,  Turner  and  Ransome,  No. 

689. 
Sushitna  slate  series,  Eldridge  and  lloldrow. 

No.  172. 
Sweetland  Creek  beds,  Udden,  Nos.  612, 648. 
Sylamore  sandstone,  Williams,  No.  748. 
Taoonic,  Clarke  and  Scbuchert,  No.  lOL 
Taconic,  Winchell,  Nos.  756, 760. 
Taconyte,  Winchell,  No.  762. 
Taconyte  member.  Grant,  No.  236. 
Tanana  schists,  Peters  and  Brooks,  No.  824. 
Tanana  series,  Mendenhall,  No.  475. 
Tenmile  River  beds,  Shaler,  Woodworth  and 

Foerste,  No.  582. 
Thayer  shale,  Keyes,  No.  378. 
Thomson  slates,  Winchell,  Nos.  757, 768. 
Three  Forks  limestone,  Hague,  No.  268. 
Thurman  sandstone,  Taff,  No.  616. 
Timpas  formation,  Hills,  No.  319. 
Tishomingo  granite,  Vaugban,  No.  671. 
Tiverton    arkose,   Shaler,   Woodworth   and 

Foerste,  No.  582. 
Torbay  slate,  Walcott,  No.  681. 
Toronto  formation,  Leverett,  No.  431. 
Traverse,  Lane,  No.  418. 
Trenton,  Wbiteaves,  No.  728. 
Trenton  limestone,  Buckley,  No.  78. 
Trenton   limestone,  Clarke  and   Scbuchert, 

No.  101. 
Trenton  limestone.  Dale,  No.  134. 
Trinidad  formation,  Hills,  No.  319. 
Tuckahoe  group,  Shaler  and  Woodworth,  No. 

581. 
Tully  limestone,  Clarke  and  Scbuchert,  Na 

101. 
Tully  limestone,  Luther,  No.  449. 
Turtle  Lake  moraine,  Todd,  No.  629. 
Tjrringbam  gneiss,  Emerson,  No.  176. 
Ulsterian,  Clarke  and  Scbuchert,  No.  101. 
Unkar  terrane,  Walcott,  No.  681. 
Utica  formation,  Hershey,  No.  804. 
Utica  shale,  Clarke  and  Scbuchert,  No.  101. 
Valdez  series,  Schrader,  No.  570. 
Valparaiso  moraine,  Leverett,  No.  431. 
Vasbon  drift,  Willis  and  Smith,  No.  746. 
Veraguas  formation,  Hershey,  No.  302. 
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Ocoloi^c  formationB  deicribed— CoQUnaed. 
VickBbai!^,  Harris  and  Veatch,  No.  288. 
Vinita  beds,  Shaler  and  Woodworth,  No.  581. 
Wabaunsee  formation,  ProsKr,  No.  586w 
Wamsntta   group,  Shaler,  Woodworth  and 

FoerBte,No.682. 
Wapsiplnicon,  Norton,  No.  601. 
Washington  gneiss,  Emerson,  No.  176. 
Waterlime  beds,  Luther,  No.  449. 
Wauswaugoning  quartette,  Winchell,  No.  766. 
Wellesley  formation,  Peters  and  Brooks,  No. 

624. 
Wcwe  slate.  Van  Hise,  No.  669. 
White  beds,  Dale,  No.  184. 
White  limestones,  Hill,  No.  313. 
White  River  formation,  Matthew,  No.  474. 
Wild  Rice  moraine,  Todd,  No.  629. 
Wisconsin  drift.  Bain,  No.  21. 
Wisconsin  drift,  Beyer,  No.  49. 
Wisconsin  drift,  Calvin,  No.  78. 
Wisconsin  drift,  Leverett,  No.  431. 
Wisconsin  drift,  Macbride,  No.  460. 
Wolf  porphyry.  Weed,  No.  701. 
Yallahs,Hill,No.313. 
Yarmouth  sone,  Leverett,  No.  431. 
Yarmouth,  Norton,  No.  601. 
Yellowstone  formation,  Weed,  No.  702. 
Oeologic  maps.    (Includes  geologic  maps  of  the 
whole  or  any  part  of  the  States  mentioned.) 
California,  Anderson,  No.  16. 
California,  Turner  and  Ransome,  No.  689. 
Canada,  Chalmers,  No.  88. 

New  Brunswick,  Matthew,  No.  468. 

Nova  Scotia,  Faribault,  No.  182. 

Ontario,  Barlow,  No.  S2. 

Ontario,  Mclnnes,  No.  466. 

Quebec,  Barlow,  No.  32. 
Colorado,  Cross,  No.  128. 
Colorado,  Hills,  No.  819. 
Illinois,  Leverett,  No.  431. 
Indiana,  Ashley,  No.  17. 
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Topaz,  Eakle,  No.  166. 
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Minnesota. 

Adularia  and  other  mineralH  of  copper-bear- 
ing rocks,  Winchell,  No.  776. 
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Geology  of  Carlton  County,  Winchell,  No.  787. 
Geology  of  Carlton  plate,  Winchell,  No.  768. 
Geology  of  Cass  County,  Upham,  No.  649. 
Geology  of  Cook  County,  Grant,  No.  284. 
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No.  627. 
Geology  of  Partridge  River  plate,  Winchell, 
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Geology  of  Rove  Lake  plate.  Grant,  No.  243. 
Geology  of  St.  Louis  County,  Winchell,  Nos. 
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wanlil  n.sp.,  Knowlton,  No. 392. 
Acanthtx;lenia  Hall,  Grabaii,  No. 229. 
sontulatum  Hall,Graban,No.229. 
Acantholennssiniper  Matt.,  Matthew,  No.  468. 
A(;er  vivarium  n.  sp.,  Knowlton,  No. 892. 
Acenitheriiini  incisivum,  Osbom,  No. 511. 
Acervularia  gracilis  Billings  sp.,  Lambe,  No. 

414. 
Acheron t^'my 8  heckmani  n.sp.,Hay,No.287. 
Aclceodictya  n.  gen..  Hall  and  Clarke,  Nos.  275, 

277. 
(?)  eccentrica  Hall  (sp.),  Hall  and  Clarke, 

Nos.  275, 277. 
uiarsipu.s  n.  sp..  Hall  and  Clarke,  Noe. 275, 
277. 


Paleontology— Continued. 
Oenera  and  species  deacHbeet—Coatixmtd, 
Acrogenia  Hall,  Grahaa,  Na  229. 

prolifera  Hall,  Grabau,  No.  229. 
Acrotreta  gemma  BillingB,  Walcoct,  No.  6B2. 
Actson  cossmanni  Aid.,  Harris,  No. 281. 
idoneus  Oon.,  Harris,  Na  281. 
traskl  Steams,  Steams,  No.  604. 
Actinodlctya  Hall,  Hall  and  Clarke^  Nos.  275. 
276. 
placenta  Hall,  Hall  and  Clarke,  Nos.  275. 
276. 
Actinopteria  Hall,  Qrabau,  No.  229l 
boydl  Hall,  Grahau.  No.  229. 
decuflsata  Hall,  Qrabau,  No.  229. 
Actlnosepia  oanadensia  n.  gen.  et  sp..  Whit- 

eaye8,No.726. 
Actinostioma  Nicholson  sp. ,  Girty,  No.  22S. 
Adeorfois  dalli  n.  sp.,  Harris,  No.  281. 
linlferus  Aid.,  Harris,  No.  281. 
sylvsrupis  n.  sp.,  Harris,  No.  281. 
Aeehimina  Jones  and  Holl,  Grabau,  No.  229. 

maiginata  Ulrlch,  Grabau,  No.  229. 
Aeaopus  erectus,  Harris,  No.  281 . 
AgliUiodlctya  n.  gen.,  Hall  and  Clarke,  Noa 
275,276. 
numulina  n.  sp.,  Hall  and  Clarice,  Nos. 
276,276. 
Agnostus  bidens  Meek,  Waloott,  No.  682. 
interstrictus  White,  Walcott,  No.  682. 
pisiformis  Linn.,  Matthew,  No.  468. 
tumldosns  Hall  and  Wliitfleld,  Walcott, 
No.  682. 
Agoniatites,  Clarke,  No.  96. 
Alethopteris  amblgua  Lx.,  White,  No.  720. 
serlii  (Brongn. )  Qoepp,  White,  Nos.  719. 720. 
var.  miasouriensis  n.  var.,  White,  Na 
720. 
Aloiopteris  erosa  (Qutb.),  White,  No.  720. 
winslovii  D.  W.,  White,  No.  719. 
(Corynepteriiff)   winslovii  n.  sp.,  White, 
No.  TOO. 
Alveolites  Lamarck,  Lambe,  No.  413. 
goldfusai  Billings,  Lambe,  No.  418. 
labechei    Milne-Edwards    and    Haime, 

Lambe,  No.  413. 
niagarensis  Rominger,  Lambe.  No.  413. 
squamosa  Billings,  Lambe,  No.  413. 
vallorum  Meek,  Lambe,  No.  413. 
Amboccelia  Hall,  Grabau,  No.  229. 
nana  Grabau,  Grabau,  No.  229. 
parva  n.  sp.,  Wellcr,  No.  711. 
prsumbona  Hall,  Qrabau,  No.  229. 
spinosa  Clarke,  Qrabau,  Nc.  229. 
umbonata  (Conrad),  Grabau,  No.  229. 
var.  nana,  n.  var.,  Grabau,  Noe.  229. 
230. 
Amnicola  ?  cretacea  n.  sp.,  Stanton,  No.  GOS. 
Amplexus  Sowerby,  Qrabau,  No.  229. 
hamiltonlse  Hall,  Qrabau.  No.  229. 
(?)  intermittens  Hall,  Grabau,  No.  229. 
Ampullina  recurva  var.,  Harris, No.  281. 
Anaptogonia  Cope,  Cope  No.  118. 
hiatidens  Cope,  Cope,  No.  118. 
Anarcestes  plebeiformis  Hall  (sp.),  Clarke, 
No.  98. 
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Paleontology— Continued. 
Qenera  amd  species  deserited— Continaed. 
An&tina  (Ceicomya)  punctata  n.  sp.,  Stan- 
ton, No.  608. 
Ancilia(01iTula)stamineaCk)n.,HarriB,No.281. 
Ancyrocrinns  Hall,  Grabau,  No.  229. 

bulbomis  Hall,  Grabau,  No.  229. 
Andromeda  dellcatula  Lx.,  Hollick,  No.  328. 

eolignitica  n.  sp.,  Hollick,  No.  328. 
Anisotrypa  sp.,  Girty,  No.  22S. 
Annularia  sphenoidiylloldefl  (Zenk.)  Gnth., 
var.  intermedia  Lx.,  White,  No.  719. 
Mtellata  (Schloth.)  Wood,  White.  Nob.  719, 
720. 
var.  angufltifolia  Lx.  ?,  White,  No.  720. 
Anogmluspolymicrodus  Stewart,  Stewart,  No. 

611. 
Anomocare  stenotidea  Matt.,  Matthew,  No. 

468. 
Aparchites  (?)  robustus  n.  sp.,  Matthew,  No. 

468. 
Aphlebia    of.   fllicilormis    (Gutb.)    Stenel., 
White,  No.  720. 
germani  Zeill.,  White,  No.  720. 
membianacea  (Lx. ),  White,  No.  720. 
spinosa  ( Lx. ) ,  White,  No.  720. 
subgoldembergii  n.  sp..  White,  No.  720. 
sp.  White,  No.  720. 
Apocynophyllum  aapindifoliom  n.  sp.,  Hol- 
lick, No.  a28. 
Aporrhais  gracilis  Aid.,  Harris,  No.  281. 
Arachnophyllum    diffluens    Milne-Edwards 
and  Haime  sp.,  Lambe,  No. 414. 
eximium  Billings  sp.,  Lambe,  No.  414. 
Aralia  notata  Lx.,  Knowlton,  No.  892. 
serrulata  n.  sp.,  Nnowlton,  No.  302. 
whitneyi  Lx. ,  Knowlton,  No.  892. 
wrightii  n.  sp.,  Knowlton,  No.  892. 
Araucarioxylon  hoppertons  Knowlton  n.sp.. 
Ward,  No.  690. 
virglnianum  Kn.,  Knowlton,  No.  891. 
Aiancarites  cuneatus  Ward  n.sp.,  Fontaine, 
No.  188. 
wyomingensis  n.  sp.,  Fontaine,  No.  188. 
Archimides  sp.,  Girty,  No.  228. 
ArctostaphyloB  dliptica  n.  sp.,  Knowlton, 

No.  892. 
Arlonellus  levis  n.  sp.,  Walcott,  No.  682. 

sp.  undet ,  Walcott,  No.  682. 
Artocarpus  dubia  n.  sp.,  Hollick,  No.  828. 
lessigiana  (Lx.)  Kn.,  Hollick,  No. 828. 
pungens  Lx.,  Hollick,  No.  828. 
quercoides  n.  sp.,  Knowlton,  No.  892. 
Arystidictya  n.  gen. ,  Hall  and  Clarke,  Nos.  275, 
276. 
elegans  n.  sp.,  Hall  and  Clarke,  Nor.  276, 

276. 
nodllera  n.  sp.,  Hall  and  Clarke,  Nos.  275, 
276. 
Aspidella  terranovica  Billings,  Walcott,  No. 

681. 
Asplenium  dlcksoniannm  HeerT,  Fontaine, 
No.  188. 
dlcksoniannm  Herr,  Ward,  No.  600. 
erosum?  (Lx.)  Kn.,  Knowlton,  No. 392. 
haguei  n.  sp.,  Knowlton,  No.  892. 
iddingsi  n.  sp.,  Knowlton,  No.  892. 


Paleontology— Continued . 
Qtnera  and  tpeeiea  described— Continued. 
Asplenium  magnum  n.  sp.,  Knowlton,  No. 
892. 

remotidens  n.  sp.,  Knowlton,  No.  892. 
Astarte  meeki  n.  sp.,  Stanton,  No.  606. 

smith  Yillensis  Har.,  Harris,  No.  280. 
Asterophyllites     equlsetiformis     (Schloth.) 
Brongn.,  White,  Nos.  719, 720. 

longifolius  (Stb.)  Brongn.,  White.  No.  720. 
Astrocoenia  conica  n.  sp.,  Logan, No. 488. 
Astrodapsis  tumidus  R^mond,  Merriam,  No. 
480. 

whitneyi  R^mond,  Merriam,  No.  480. 
Astyris  subfraxa  n.  sp.,  Harris,  No.  281. 
Athrotaxopsis    tenuicaulis    Fontaine,   Fon- 
taine, No.  188. 
Athyris  McCoy,  Grabau,  No.  229. 

Incrassata  Hall  (?).  Girty,  No.  228. 

lamellosa  L6yeill4,  Girty,  No.  223. 

lamellosa  (L^veill^),  Weller,  No.  711. 

spiriferoides  (Eaton),  Grabau,  No.  229. 

yitatta  var.  triplicata  n.  var., Girty,  No.  228. 

(Cleiothyrlrf)  sp.,  Weller,  No.  711. 
Atrypa  Dalman,  Grabau,  No.  229. 

missouriensis  Miller,  Girty,  No.  223. 

reticularis  Linn4,  Girty,  No.  228. 

reticularis  (Linnaeus),  Grabau,  No.  229 

spinosa  Hall,  Grabau,  No.  229. 
Atys  robustoides  Aid.,  Harris,  No.  281. 
Aulopora  Goldfuss,  Grabau,  No.  229. 

geometrica  n.sp., Girty,  No.  228. 

serpens  Goldf.,  Grabau,  No.  229. 

tubeformisGoldf., Grabau,  No.  229. 
Autodetus  LindBtr5m,  Grabau,  No.  229. 

lindstroemi  Clarke,  Grabau,  No.  229. 
Avellana  bullata  Mort.,  Harris,  No.  280. 
Avicula   (Oxytoma)    wyomingensis    n.  sp., 

Stanton,  No.  603. 
Aviculopecten  McCoy,  Grabau,  No.  229. 

exacutus  Hall,  Grabau,  No.  229. 

insignis  Hall,  Grabau,  No.  229. 

oocidentalis  (Shumard) ,  Girty,  No.  222. 

princeps  (Conrad),  Grabau,  No.  229. 
Bactrites  Sandberger,  Grabau,  No.  229. 
Bactrites  G.  Sandberger,  Clarke,  No.  96. 

aciculum  Hall  (sp.),  Clarke,  No.  96. 

aciculum  (Hall),  Grabau,  No.  229. 

gracilior  Clarke,  Grabau,  No.  229. 

gracilior  n.sp.,  Clarke,  No.  96. 
Baoulites  anceps,  Harris,  No.  280. 
Baieropsis  adiantifolia  Fontaine,  Fontaine, 
No.  188. 

pluripartita  Fontaine?,  Fontaine, No.  188. 
Balrdia  McCoy,  Grabau,  No.  229. 

l^uminoides  Ulrich,  Grabau,  No.  229. 
Barbatia  cuculloides  var.,  Harris,  No.  280. 
Bathyuriacus  Meek?,  Walcott,  No.  682. 
Bellerophon  Montfort,  Grabau,  No.  229. 
Bellerophon  (sensu  stricto),  Girty,  No.  222. 

leda  Hall,  Grabau,  No.  229. 

patulus  Hall,  Grabau,  No.  229. 
Bellinurus  grandsevus  Jones  &  Woodw.,  Jones 

and  Woodward,  No.  366. 
Beloceras  Hyatt,  Clarke,  No.  96. 

lynx  n.sp., Clarke,  No.  96. 

(7)  napelesense  n.sp., Clarke,  No.  96. 
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Paleontology— Continaed. 
Omera  and  specitM  described— Continued. 
Beltina  n.gen.,  WalcoU,  No.  681. 
danai  n.8p.,Walcott,  No.  681. 
Betula  iddingsi  n.sp.,  Knowlton,  No.  892. 
Beyrichia  McCoy,  Qrabau,  No.  229. 

hamiltonenaifl  Jones,  Qrabau,  No.  229. 
(?)  primsya  n.  sp.,  Matthew,  No.  468. 
tiicollina  Ulrich,  Giabau,  No.  229. 
BlllingBella  coloradoeniifl  Shmnard,  Walcott, 

No.  682. 
Bison  bison  ( Linnsus) ,  Lucas,  No.  444. 
alleni  Marsh,  Lucas,  No.  444. 
antiquus  Leidy,  Lucas,  No.  444. 
crassicomis  Richardson,  Lucas,  No.  444. 
ferox  Marsh,  Lucas,  No.  444. 
latifrons  (Harlan),  Lucas,  No. 444. 
occiden  talis  Lucas,  Lucas,  Nos.  444, 446. 
Blarina  simplicidens  Cope,  Cope,  No.  118, 
Botryllopora  Nicholson,  Grabau,  No.  229. 

socialis  Nicholson,  Qrabau,  No.  229. 
Botryodictya  n.  gen..  Hall  and  Clarke,  Nos. 
275,276. 
ramosa  (sp.),  Hall  and  Clarke,No8. 275, 276. 
Brlttsia  n.  gen..  White,  No.  720. 

problematica  n.  sp.,  White,  No.  720. 
Bucania  7  sp. ,  Weller,  No.  71L 
Bucanopds,  Qlrty ,  No.  222. 
Buccinanops  ellipticum  Whitf.,  Harris,  Nos. 

280,281. 
Bullia  buccinoides  Merriam,  Merriam,  No.481. 
Bulliopsis  choctavensis  Aid.,  Harris,  No.  281. 
Bunomery X  Wortman ,  Scott,  No.  576. 
Cadulus  abruptus  Aid.  and  M.,  Harris,  No.  281. 
Calamites  Suckow,  White,  No.  720. 

canoffiformis  Schloth.,  White,  No.  719. 
eistil  Brongn. ,  White,  No. 720. 
ramosis  Artis,  White,  No.  720. 
Calamodendron    approximatum    (Schloth.) 

Brongn.,  White,  No.  719. 
Calamostachys  ovalls  Lx.  ?,  White,  No.  720. 
Calapcecia  Billings,  Lambe,  No.  413. 

caniidcnsis  Billings,  Lambc,  No.  413. 
C-alathospongia  n.gen.,  Hall  and  Clarke,  Nos. 
276,277. 
Hinphorina  ii.  8p.,  Hall  and  Clarke,  Nos. 

276,277. 
carceralis  n.  sp..  Hall  and  Clarke,  No8. 275, 

277. 
carlin,  n.  sp..  Hall  and  Clarke,  Noe.  275, 277. 
(?)  mognifictt,  n.  sp.,  Hall  and  Clarke,  Nos. 

276,277. 
redfleldi  Hall  (sp.),  Hall  and  Clarke, Nos. 

275, 277. 
(?)  sacciilus  Hall  (8p.),Hall  and  Clarke, 

Nos.  275, 277. 
tiffanyi  n.sp..  Hall  and  Clarke,  N<)8.276,277. 
Callipttiridium  in«,«quale  Lx.,  White,  Nos.  719, 
720. 
mansfieldi  Lx.,  White,  No.  719. 
merabranaeeum  Lx.,  White,  No.  720. 
Bullivantii  (Lx.)  Weiss.White,  Noe. 719,720. 
Calyptraa  aperUi  Sol.,  Harris,  No. 281. 
Calyptraphorus  triuodiferus  Con.,  Harris,  No. 
280. 


Paleontology— Continaed. 
Genera  and  tpecU$  detcnbod— Coatinaed. 
Oamarophoria  ringens  Swallow,  Oirty,  Na 

228. 
CamaiotoschlA  Hall  and  Clarke.  Qrabau,  Na 
229. 
camarifera  Winchell  (T),  Girty,  Na  tlA, 
congregata  (Conrad),  Grabau,  No. 229. 
dotis  Hall,  Qrabau,  No.  229. 
herrickana  n.  sp.,  Girty,  No.  223. 
hoxsfordi  Hall,  Qrabau,  No.  229. 
metallica  White.  Girty,  Na  223. 
sappho  Hall,  Qrabau,  No.  229. 
sappho  Hall  (?), Girty,  No. 223. 
sp.,  Girty,  No.  228. 
Camelomeryx  Scott,  Scott,  No.  576. 
Campophyllum  sp.,  Girty,  No.  222. 
Camptonectes  burlingtonensiB  Gabb,  Harris, 
No.  280. 
bellistrlatus  Meek,  Stanton,  No.  608. 

var.  distans  n.  var.,  Stanton,  Na  603. 
pertenuistrlatus  Hall  and  Whitfield.  Stan- 
ton, No.  608. 
platessiformis  White,  Stanton,  No.  608. 
Cancellaria  graciloides  Aid.,  Harris,  No.  281. 
var.  bella  n.  var.,  Harris,  No.  281. 
lanceolata  Aid.,  Harris,  No.  281. 
niarieana,  Harris,  No.  281. 
quercollis  var.  greggi,  Harris,  Nos.  280,28L 
sylvsrupis  Har. ,  Harris,  Na  281. 
tortiplica  Con.,  Harris,  No.  281. 
Canis  priscolatrans  Cope.  Cope,  No.  118. 
Cannapora  Hall,  Lambe,  No.  413. 

Jubcilormis  Hall,  Lambe,  No.  418. 
Capulus  expansus  Whitf.,  Harris,  No.  281. 

sp.,  Weller,  No.  711. 
Carbonia  rankiniana,  Dawson,  No.  1S2. 
Cardiocarpon  (Samaropsis)  branneri  Fairch. 

and  D.  W.,  White,  No.  720. 
Cardiola  Broderip,  Grabau,  No.  229. 

retrostriata  von  Buch,  Qrabau,  No.  229. 
Cardiopsis  (?)  erectus  n.sp., Weller, No. 711. 
radiata  Meek  and  Worthen,  Weller,  No. 
711. 
C^ardium  alabamense,  Harris,  No.  280. 

tuomeyi  Aid.,  Harris,  No.  280. 
Caricaus  lavicomus  Cope,  Cope,  No.  118. 

sp.  Cope,  No.  118. 
Caricella  podagrina  Dall..  Harris,  No. 281. 
Carpites  pedunculatus  n.  sp.,  Knowlton.  No. 

392. 
CarpolithuH  barrensis  Ward  u.sp.,  Fontaine, 
No.  188. 
fasciculatus  Fontaine,  No.  188. 
foenarius  Ward.,  n. sp.,  Fontaine,  No.  188. 
montium-nigrorum    Ward,   n.  sp.,   Fon- 
taine, No.  188. 
yirginiensis  Fontaine,  Fontaine,  No.  188. 
Cassidariabrevidentata  Ald.var.,  Harris,  Nos. 
280,281. 
dubia  Aid.,  Harris,  No.  281. 
Castanea  pulchella  n.  sp.,  Knowlton,  No.  392. 
Castor  fibre  Linn,  Cope,  No.  118. 
Celastrophyllum  pulchrum  n.  sp..  Ward,  No. 
690. 
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Paleontology— Continued. 
Oenera  and  tpecUt  described— Continued. 
Gelastrus  culyeri  n.  sp.,  Knowlton,  No.  992. 
ellipticufl  n.  sp.,  Knowlton,  No.  892. 
insquallB  n.  sp.,  Knowlton,  No.  892. 
tauiinenfllB  Ward  (7),  Hollick,  Na  828. 
▼eatchi  n.  gp.,  Hollick,  No.  328. 
CentTonella  Billings,  Grabau,  No.  229. 

impresea  Hall,  Oraban,  No.  229. 
Cephalotaxopis  magnifolia  Fontaine,  Fon- 
taine, No.  188. 
Ceratodlctya  n.  gen.,  Hall  and  Clarke,  No8. 
275,278. 
annnlata  Hall  (sp.) ,  Hall  and  Clarke,  Noe, 

275,278. 
carpenteriaua  n.  sp..  Hall  and  Clarke,  Nos. 

275,276. 
centeta  n.  sp.,  Hall  and  Clarke,  Nos.  275. 

276. 
cincta  Hall  (sp.).  Hall  and  Clarke,  Nos. 

275,276. 
Konata  n.  sp..  Hall  and  Clarke,  Nos.  275, 
276. 
Ceratopora  n.  gen.,  Orabau,  Nos.  229, 281. 
dichotoma  n.  sp.,  Grabau,  Nos.  229, 281. 
distorta  n.  sp.,  Grabau,  No.  231. 
jacksoni  n.  sp.,  Grabau,  Nos.  229. 281. 
Ceriocrinus  monticulatus  n.  sp.,  Beede,  No.  44. 
Cerithiopsis  conica  Aid.,  Harris,  No. 281. 
fluviatilis  Aid.,  Harris,  No.  281. 
terebropsls  n.  sp.,  Harris,  No.  281. 
Cerithium  delicatulum  Aid.,  Harris,  No.  281. 

tombigbeense  Aid.,  Harris,  No. 281. 
Chonetes  Fischer  de  Waldheim,  Grabau,  No. 
229. 
eoronatus  (Conrad),  Grabau,  No.  229. 
illinoisensis  Wortben,  Weller,  No.  711. 
Icpidus  Hall,  Grabau,  No. 229. 
loganensis  Hall  and  Whitfield,  Girty,  No. 

223. 
mcsolobius  Norwood  and  Pratten,  Girty, 

No.  222. 
mucronatus  Hall,  Grabau,  No.  229. 
omatus  Shumard,  Girty,  No.  223. 
scitulus  Hall,  Grabau.  No.  229. 
setigerus  (Hall) ,  Grabau,  No.  229. 
vicinus  (Castelnau) ,  Grabau,  No.  229. 
Chonophyllum  canadense  Billings  sp.,Lambe. 
No.  414. 
nymphale  Billings,  sp.,  Lambe,  No.  414. 
Chrysodomus  engonata  Hell  p.,  Harris,  No.  281. 

striata  Aid.,  Harris,  No.  281. 
Cinnamomum  buchi  Heer,  Hollick,  No.  328. 
scheuchzeri  Heer  (?),  Hollick,  No. 828. 
sezannense  Wat.,  Hollick,  No.  828. 
spectabile  Heer,  Knowlton,  No.  892. 
Cissites  ingens  Lx.,  Ward,  No.  690. 

salisburlsefolius  Lx.,  Ward,  No.  590. 
Cissus  haguei  n.  sp.,  Knowlton,  No. 892. 
Cladocora  jamaicensis  n.  sp.,  Vaughan,  No. 

672. 
Cladodus  claypolei.  Hay,  No.  286. 

corriger,  Hay,  No.  286. 
Cladophleris  parva  Fontaine  T,  Fontaine,  No. 
188. 
wyomingensis  u.  sp.,  Fontaine,  No.  188. 


Paleontology— Continued. 
Oenera  and  apecUs  described— Continued. 
Cladopora  Hall,  lAmbe,  No.  418. 
crassa  Rominger,  Lambe,  No.  413. 
cryptodens  Billings  (sp.),  Lambe, No. 413. 
fischeri  Billings  (sp.), Lambe, No. 413. 
frondosa  Nicholson  (sp.), Lambe, No.  413. 
labiosa  Billings,  Lambe,  No.  413. 
lichenoides  Rominger,  Lambe,  No.  413. 
multipora  Hall,  Lambe,  No.  413. 
roemeri  Billings  (sp. ) ,  Lambe,  No.  413. 
tuigida  Rominger,  Lambe,  No.  413. 
sp.,  Girty,  No.  223. 
Clathrospongia  Hall,  Hall  and  Clarke,  Noa 
275,276. 
abacus  Hall,  Hall  and  Clarke,  Nos.  275, 

277. 
caprodonta  n.  sp.,  Hall  and  Clarke,  Noa 

275,277. 
(7)  desmia  n.  sp..  Hall  and  Clarke,  Nos.  275, 

276. 
fenestrata  Hall   (sp.).  Hall  and  Clarke, 

Nos.  275, 276. 
(7)  hamlltonensis  Hall  (sp.).  Hall   and 

Clarke,  Nos.  275, 276. 
(7)  irregularis  Hall  (sp.),Hall  and  Clarke, 

No8.'275,276. 
(?)    tomaculum   Hall    (sp.),  Hall    and 

Clarke,  Nos.  275, 276. 
vascellum  Hall  (sp.),  Hall  and  Clarke, 
Nos.  275, 276. 
Clavilithes  kennedyanusHar.,  Harris,  No.  281. 
Clemmys  insculpta  Le  Conte,  Cope,  No.  118. 

percrassus  Cope,  C^pe,  No.  118. 
Cleodictya  Hall,  Hall  and  Clarke,  Nos.  275, 
277. 
claypolei  n.8p.,Hall  and  Clarke,  Nos.  275|. 

277. 
gloriosa  Hall,  Hall  and  Clarke,  Nos.  275. 

277. 
mohri  Hall,  Hall  and  Clarke,  Nos.  275, 277. 
Clepeydrospongia  matutina  n.  sp.,  Hall  and 

Clarke,  Nos.  275, 276. 
Cliothyris  crassieardinalis  White,  Girty,  No. 
223. 
var.  nana  n.  var.,  Girty,  No.  223. 
roissyi  Walcott  (non  L^veilU),  Girty,  No. 
223. 
Clisiophyllum  billingsi  Dawson  sp.,  Lambe, 
No.  414. 
teres,  n.  sp.,  Girty,  No.  228. 
Clypeaster?  brewerianus  R^mond,  Merriam. 

No.  480. 
(Xenites  Eichwald,  Lambe,  No.  418. 

juniperina  Eichwald,  Lambe,  No.  418. 
lunata  Nicholson  and  Hinde,  Lambe,  No. 

413. 
selwynii  Nicholson  (q>.),  Lambe,  No.  413. 
Coleolus  Hall,  Grabau,  No.  229. 

(?)  gracilis  Call,  Grabau,  No.  229. 
tenuicinctum,  Grabau,  No.  229. 
Columnaria  rugosa  Billings  sp.,  Lambe,  Na 

414. 
Conocardium  Bionn,  Grabau,  No.  229. 
crassilrons  ( Conrad ) ,  Grabau,  No.  229. 
eboiaoeum  Hall,  Grabau,  No.  229. 
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p«l«iDtoli>n'— Con  UDDed. 
Oaiera  and  ipaia  dwrAietl— Continued. 
Conocardlum— CoDtlDued. 

□ormale  Hall.Qiabku.No.XS, 
pulcbelliun  White  4ii<)  WhltOeld  (I) ,  Qlt- 
tT.No.233. 
Canomitm  tracyl  o.  ip-,  HoiTli,  No.  281. 
CoDoMlchiu  brosdheull  Li.,  WIille,No.nO. 

prolHer  Li..  White,  No.  720, 
ConulsrlK  Miller,  GmtMin,  No.  228. 

undulBtk  Cannd,  Qnl)«u,No.2S9. 
CorbuUalftbaiiieiiilsTU.,HuTls,No.280. 

Cordalles  Unger,  White.  No.  T2D. 

communla  Lx.,Whlle,No.TX>. 

dlvenllolliu  Li.T.  White, No.  T20. 
Coidiuilhiu  dlcbolomiu  Lr.,  Whll«,  No.  720. 

ovatiu  I^.,  While,  No.  720. 
Comullna  armigera,  HarrU,  No.  281. 
ConiiiUt«  Bchlothelni,  Qnbui,  No.  22B. 

hBtalltoalee  D.Bp.,GnbBa,No.22>. 
Comiu  newbenyl  Holllck,  Knowlton,  No.  SK. 

wrisbliln.i[i.,Eiio«llon,No,3«2. 

itDderl  Beer  <!),HDlUck,No.82g. 
Coryloi  muxjouTTi  tPorbca)  Hmr,  Knowl- 

toD,  No.  sea. 

CnuU«  ReldUB,  Orabau,  Kd.229. 

creolffirlACK  Hal],aimbau,No.Z». 

lKVlsKefeg,GlrtT,No,223. 
CnniellA  Oehlen,  Gnibsa,  No.  220. 

bamlllaDlffi  H&ll,  Onbau,  No.  22«, 
Cnupedophrllum  Dybomky,  QnbMi,  No.  229. 

aichiul  BllUiign,Qnibaa,No.22B. 

nibCRaplbMum  (Nlcholaon),  Onbaa.  No, 
229. 
CnUBalella  ruiau  Mort.,  Hatris,  No.  280. 

sp..HKrrl8,No.Z8a. 
rrednerla  1  pachyphylla  ti,  tp.,  Knowiton,  No. 

Crenipecien  levi>n.Bp.,Weller,No.711. 

wlQi^hul]!  (Meek)r,Wel]eT,No.711. 
Creplcepbalun  Owen,  Walcott,  No.tK. 

leianiiB  Shumard  ap.,  Walcott,  No.  sa2. 
Giyptwui  Gleen,  Grabau,  No.  22S. 

boothl  Oivvn.  Grabau,  No.  £39. 

var.  cslllules  Green.  Qntbau,  No.  22». 
CTyplocuyaeollBiiiCica  n.sp.,  Holllck,  No.a2S. 
Crypiodlclya  Hall,  Hftll  and  Clarke,  Noa.  ITS, 

alien!  Bull,  Hall  and  Clarke,  Noa.  275,270. 
Crrplonella  Hsll,arabau,No.220. 
planlioBCrls  Ball, Grabau,  No,  2S». 


CryptoiouD 

Ko.«8l. 
Chuikriai'lreulart«n.gen.,et  sp.,  Walcott.  No. 

CteoubotblnaUlrlch, Grabau,  No.  229. 

nilniiaal]inch,GrBbsa,No.228. 
CurullKa  haguei  Mwk.  Stanton.  No.  SOS. 
CyathophyllumGoldluH,  Grabau,  Ho.  229, 

autlcoulenw  Billings.  Lsmbe,  No.  U4. 

artlculaliim  Wahlenberg,  Lambe,  Na414. 

•.-nepltceum  Goldtun  (7),airty,No.223. 


Dawaon,  Walcott, 


u.Hp..lAmbe,Ni 


CTcadeoMea  BDcklud,W>nl.Na.4M, 
aqwim  a.  ip..  WaM,  Nol  BO,  OM. 
oolei  D .  sp. .  Ward.  Nos.  am,  WL 
oolo^Oli  □.  sp„  Ward,  H<».  <W,<U. 
clcatrlcuia  a.  ip..  Want.  Noa.  ma,  an. 
daoolenxla  (McBrlde)  Ward  emeiid.1 

Noa.  690,0)1. 
ezoeka  n.  tp..  Ward,  N«.  SOO,  an. 
[ormoia  n.ap.,WBrd,Noa.8tO.»L 
tuna ta  n,  ap..  Ward,  Noa.  no,  «tl. 
Ingeni  n.  ip.,  Ward,  Noa.  fiH>,«L 
mgeni  Ward,  Wiolaod,  Noa.  nt,  7M. 
liuollU  n.ap..  Ward,  Nos.nO,<n. 
Jtmaeyana  Ward,  Ward.  Noa.  «M,«n. 
manhlana  n.Bp.,Ward,  Noa.  00,891. 
mcbiidel  n.^.,  Ward,  Noa.  Ml,  091. 
DilnnekahlenslaD.sp.,Ward,Roa.«)l 
nana  n.qi..  Ward,  Noa.  MO,  8H. 
ocddentalla  n.ip,,  Ward,  H«.«0,<>l 
paynel  D.  ap..  Ward.  Noa.  6H),«L 
pulcbetrliaa  n.  op..  Ward,  Noa.  890,  SB 
Hllloelll  n.  ip.,  Ward,  Noa.  nOt  091. 
tnrrlla  D.  ap..  Ward,  Noa.  880,811. 
wellal  D.  up..  Ward,  No*.  090,  M. 
wlaluilU  n.  «>.,  Ward,  No.  SWL 

Cjoadeoapenun  rotundatum  Pontaine, 


Cycl. 


720. 


I,  Wblu 


briltaU  a.iip.,Wblle,No.720. 
Cycloatnma  aldrichi  n.  ap.,  Uurli,  No.  21 
CyUchna aldtlchi  Lang., Ha[tla,No. 281. 

aylverupus  n.  sp.,  Harrta,  No.  281. 
CylleDebeUanaHar.,HaiTia,Na.I81. 
Oypencltea  glguiKua  D.i^,  Euowlloc 
392. 

(T)q>.,KDOWl[on,No.S«i. 
Cyperltes  sp, .  Bollick ,  No.  328. 
Cypluupl"  Buimetitei,  Grabau,  Nu,  229. 

Dinala  Ball,  Grabau,  No.  ISO. 
Cyprm  smlthll  Aid.,  Harris,  No.  281. 
Cyprlcwdella  Hall,  (Irabau.  No.  229. 

belllatrlata  (Conrad),  Grabaa.  No.  2S 
Cyprlcnrdla  T  hagnel  D.ap.,glaiitoii,Na.i 
CypriMnUniaBallt ,  Gnbau.No.229L 

ludenla  (Conrad),  Grabau.  No.  229. 
Cyprina  r  olnnabaienala  n .  ip. .  Bunion ,  Ki 

(7)  Iddlugsl  u.ap..BtaDton,No.GO». 
Cynina  Davldion,  Grabau.  No.  229. 

bamlllonenrii  Ball,  Grabau,  No,  229. 
var.  recta  Hall.  Grabau.  No.  229. 
Cyrloclymenla  neapoUtana  Clarke,  CI 
No.te, 

Cyatlphyllum  Longdate,  Grabau,  No.  239. 
aggregatum  Blllln([g,LAmbe.  No.41t, 
americanum  K.and  B.,Grabau,Na.i 
conlIolUiHan,arabau,Ku.'2£9. 
niagarenie  Ball  ap.,  tAmbe,No.U4■ 
Ta^ialul  BBl1,Grabau,No.229. 
Teetculoaum  Ooldluaa  (p„Lainbe,N( 

Cylherla  (T)  newoombel.  UerrlaiD,  Ko.  t 
laucouveraoMi,  Merriam.  No.  481. 

Ciehaoowakla  nervoea  Heer.  Poolalnt 

Ualmeuella  BUbcarinaM  Hall,  Olrty,  No. 
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Paleontology— Continued. 
Oenera  and  tpeeies  described— Couiinv^. 
Dalmanites  plenioptyx  (Qreen),  Girty,  No. 

222. 
Daphnogene  kanii  (?)  Heer,  Hollick,  No.  828. 
Deinodon  Leidy,  Hay,  No.  289. 
Dendracis  cantabridgiensiB  n.  gp.,  Vaoghan, 

No.  672. 
Dentaliom  mlcrostiia  Heilp.,  Harris,  No.  281. 
multannnlatum  Aid.,  Harris,  No.  281. 
thalloides  Con.,  Harris,  No.  281. 
Derbya  keokuk  Hall  (?),  Oirty,  No.  223. 
Devallia  ?  montana  n.  sp.,  Knowlton,  No.  892. 
Dicellomus  Hall,  Walcott,  No.  682. 

nanus  M.  and  H.  sp.,  Waloott,  No.  682. 
Dicranophyllum  7  sp..  White,  No.  720. 
Dictyopteris  carril  (Lx.),  White,  No.  719. 
gilkersonensiB  D.  W.,  White,  No.  719. 
Dictyospongia  n.  gen.,  Hall  and  Clarke,  Nos. 
276,276. 
almondensis  n.  sp..  Hall  and  Clarke,  Nos. 

275,276. 
(?)  bacteria  n.  sp.,  Hall  and  Clarke,  Nos. 

275,276. 
charia  n.  sp..  Hall  and  Clarke.  Nos.  275, 

276. 
cylindrica  Whitfleld(sp.),Hall  and  Clarke, 

Nos.  276,  277. 
eumorphia  n.  sp..  Hall  and  Clarke,  Nos. 

275,  276. 
haplea  n.  sp.,  Hall  and  Clarke,  Noa  276, 

276. 
lophura  n.  sp.,  Hall  and  Clarke,  Nos.  276, 

276. 
(?)  marcellia  Clarke  (sp.) ,  Hall  and  Clarke, 

Nos.  276,  276. 
morini  Banois  (sp. ) ,  Hall  and  Clarke,  Nos. 

276,276, 
sceptrum  Hall  (sp.),  Hall  and  Clarke,  Nos. 

275,  276. 
sinea  n.  sp..  Hall  and  Clarke,  Nos.  276, 

276. 
(?)  stylina  u.  sp..  Hall  and  Clarke,  Nos. 

276,277. 
(Mastodlctya)  osculada  n.  sp..  Hall  and 
Clarke,  Nos.  276,  277. 
Dielasma  King,  Grabau,  No.  229. 

Utah  Hall  and  Whitfield,  Oirty,  No.  228. 
sp.  ?,  Weller,  No.  711. 
(Craneena)  romingeri  Hall,  Orabau,  No. 
229. 
Diospyros  haguei  n.  sp.,  Knowlton,  No.  892. 

lamarensis  n.  sp.,  Knowlton,  No.  892. 
IMphyphyllum  csespitosum  Hall  sp.,  Lambe, 
No.  414. 
multicaule  Hall  sp.,  Lambe,  No.  414. 
simcoense  Billings  sp.,  Lambe,  No.  414. 
Diplodocus  longus,  Osbom,  No.  609. 
Diplodus  politus  Newberry,  Eastman,  No.  167. 
priscus  n.  sp.,  Eastman,  No.  167. 
striatns  n.  sp.,  Eastman,  No.  167. 
Dlploria  Milne-Edwardsand  Haime,Vaughan, 
No.  672. 
oonferticostata  n.  sp.,  Vaughan,  No.  672. 
var.  columnaria  n.  var.,  Vaughan,  No. 
672. 


Paleontology— Continued. 
Oenera  and  tpeeies  descHbed— Continued. 
Dipterus  calvini  Eastman,  Udden,  No.  644. 

contrayersus.  Hay,  No.  286. 
Discohelix  verrlli  n.sp.  (by  Aldrich),  Harris, 
No.  281. 

Distyonema  Hall,  Qrabau,  No.  229. 
Dombeyopsis  platanoides  Lx.,  Knowlton,  No. 
892. 

Dorycrinus  Roemer,  Qrabau,  No.  229. 
Dryophyllum  longipetUlatum  n.  sp.,  Knowl- 
ton, No.  892. 

Dryopteris  weedM  n.  q>.,  Knowlton,  No.  892. 

xantholithense  n.  sp.,  Knowlton,  No.  892. 
Dryptosaurus  kenabekides.  Hay,  No.  289. 
Duncanella  lanningana  (Safford) ,  Girty,  No. 
222. 

rudis  Girty,  Girty,  No.  222. 
Eccyliomphalus  Portloch,  Grabau,  No.  229. 

laxus  ( Hall ) ,  Grabau,  No.  229. 
Echinarachinius  gibbsi  R6mond,  Merriam, 
No.  480. 

excentrieus   Eschscholtz,   Merriam,   No. 
480. 

(?)  ectenodictya  Hall,  Hall  and  Clarke, 
Nos.  276,  277. 

implexa  Hall,  Hall  and  Clarke,  Nos.  275, 
277. 

Edmondia  burlingtonensis  M.  and  W.,  Weller, 
No.  711. 

misaouriensis  n.  sp.,  Weller,  No.  711. 
?  reflexa  Meek,  Girty,  No.  222. 
subtruncata  Meek  ?,  Girty,  No.  222. 
Elsodendron  polymorpha  Ward,  Knowlton, 
No.  392. 

Elymella  Hall,  Grabau,  No.  229. 

missouriensiB  MUler  and  Gurley,  Weller, 

No.  711. 
nuculloides  Hall,  Grabau,  No.  229. 
Empo  lisbonensLs  n.  sp.,  Stewart,  No.  610. 
Endothyra  bailey i  var.  parva  n.  var.,  Girty, 
No.  223. 

Entomis  Jones,  Grabau,  No.  229. 

rhomboidea  Jones,  Grabau,  No.  229. 
Equisetum  canalicolatum  n.  sp.,  Knowlton, 
No.  892. 

deciduum  n.  sp.,  Knowlton,  No.  892. 

haguei  n.  sp.,  Knowlton,  No.  892. 

lesqueieuxii  Kn.  Knowlton,  No.  392. 

viiginicum  Fontaine,  Fontaine,  No.  188 
Equus  Linn,  Cope,  No.  118. 

fratemus  Leidy,  Cope,  No.  118. 

phlegon.  Hay,  No.  289. 
Eremopteris  bolibata  n.  sp.,  White,  No.  720. 

missouriensis  Lx.,  White,  No.  720. 
Eridopora  (7)  sp.,  Girty,  No.  228. 
Erisocrinus  megalobrachus  n.8p.,Beede,  No. 
44. 

Erithison  ?  dorsatum  Linn,  Cope,  No.  118. 
Bryops  Cope,  Williston,  No.  760. 
Eulima  exilis  Gabb,  Harris,  No.  281. 

(Subularia)  cainei  n.  sp.,  Harris, No. 281. 
Eulimella  tenua  Gabb,  Harris,  No.  281. 
Eumetria  vemeuiliana  Hall,  Girty,  No.  228. 
Euomphalus  n.  sp.,  Girty,  No.  222. 
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Paleontology— Continued. 
Oenera  and  tpeciet  de9eribed--Gontinued. 
EupachycrinuB     tuberculatos     Meek     and 
Worthen,  Girty,  No.  222. 

8p.,Oirty,No.222. 
Enphemus,  Qirty ,  No.  222. 

(T)8p.,Weller,No.711. 
Euthria  dubia  Aid. ,  Harris,  No.  281. 
Excipulltefl   callipteridefl    (Schimp.)  KidsL, 

White,  No.  720. 
Exilia  pergracilis  Harris,  No.  281. 
Exogyra  costata  Say,  Harris,  No.  280. 
Fagus  undulata  n.  sp.,  Knowlton,  No.  892. 
Faseiolaris  sp.,  Logan,  No.  438. 
Favodtes  Lamarck,  Grabau,  No.  229. 
FsTOsites  Lamarck,  Lambe,  No.  413. 

alpenensis,  Lambe,  No.  413. 

argus  Hall,  Grabau,  No.  229. 

aspera  d'Orbigny,  Lambe,  No.  413. 

basaltica  Goldfuss  (sp. ),  Lambe,  No.  413. 

billingsli  Romlnger,  Lambe,  No.  413. 

canadensis  Billings  (sp.), Lambe, No. 413. 

cervicomis  Milne-Edwards  and  Haime, 
Lambe,  No.  413. 

clausa  Rominger,  Lambe,  No.  418. 

conicuB  Hall,  Girty,  No.  222. 

digltata  Rominger,  Lambe,  No.  413, 

gaspensis  n.  sp.,  Lambe,  No.  418. 

gothlandica  Lamarck,  Lambe,  No.  413. 

hamiltonis  Hall,  Grabau,  No.  229. 

bemispherica    Milne-Edwards    and 
Haime,  Lambe,  No.  413. 

hlsingerl    Milne-Edwards    and    Haime, 
Lambe,  No.  413. 

niagarensis  Hall,  Lambe,  No.  413. 

nitella  Winchell,  Lambe,  No.  418. 

radiciformlB  Rominger,  Lambe,  No.  413 

turbinata  Billings,  Lambe,  No.  413. 

pp.,  Girty,  No.  223. 
Feistmantelia    oblonga    Ward,  n.  sp.,  Fon- 
taine, No.188. 
Fells  eyra  Desm., Cope, No.  118. 
Fenestella  Lonsdale,  Girty,  No.  223. 
Fenestclla  Miller,  Grabau,  No.  229. 

emaciata  Hall,  Grabau,  No.  229. 

planiramosa  Hall,  Grabau,  No.  229. 
Ficophyllum   scrratum  Fontaine,  Fontaine, 

No.  188. 
Ficus  artooarpoides  ?  Lx.,  Rollick,  No.  328. 

deformata  n.  sp.,  Knowlton,  No.  392. 

denslfolia  n.  sp.,  Knowlton,  No.  392. 

haguei  n.sp.,  Knowlton,  No. 392. 

harrisiana  n.  sp.,  Hollick,  No.  828. 

planicostata  Lx.,  Hollick,  No. 328. 

ungeri  Lx.,  Knowlton,  No. 392. 

sp.,  Knowlton,  No.  392. 
Fissurella  alabama  n.  sp.,  Harris,  No.  281. 
Fistulicella  Simpson,  Gral)au,  No.  229. 

plana  Hall,  Grabau,  No.  229. 
Fistullporina  SimfMSon,  Grabau,  No.  229. 

digitata(  Hall ) ,  Grabau,  No.  229. 

micropora  (Hall), Grabau, No. 229. 

mlnuta  (Rominger), Grabau, No. 229. 

scrobitulata  (Hall), Grabau, No. 229. 

segregata  (Hall),  Grabau,  No.  229. 


Paleontology— Continued. 
Oenera  and  tpeeUs  descrtbAl— Continued. 
Fleficheria  Milne-Edwards  and  Haime^Lambe, 
No.  413. 
incerta  Billings  ( sp. ) ,  Lambe,  No.  413. 
Fiaxinus  denticulata   Heer,  Knowltcm.  N'a 
892. 
johnstrupi  (T)  Heer,  Hollick,  No.  328. 
wrightli  n.  sp.,  Knowlton,  No.  392. 
Folguioficus  triserialis  Whitf.,  Harris.  No.  28i. 
FusoficuU  juvenis  Whitf.,  Harris,  Noa  280, 281. 
Fusulina  cylindrica.  Smith,  No.  592. 
Pnsus  bellanus  Har.,  Harris,  No.  281. 
hanisi  Aid.,  Harris,  No.  280. 
interstriatus  Heilp.,  Harris,  No.  281. 
ottonis  Aid.,  Harris,  No.  281. 
rugatus  Aid.,  Harris,  No.  281. 
subtenuis  Heilp.,  Harris,  No.28L 
sp.,  Logan,  No.  438. 

(Buocinofusus)  harrisi  Aid.,  Harris,  No.281. 
Qeinitda  Jenneyi  n.  sp.,  Fontaine,  No.  188. 
GennsBOcrinus  W.  and  S.,  Grabau,  No.  229. 
encharis  (Hall),  Grabau,  No.  229. 
nyasa  (Hall),  Grabau,  No.  229. 
Qephsnoceras  Hyatt,  Clarke,  No.  96. 
perlatum  Hall  (sp.),  Clarke,  Na  96. 
(7)    (Probeloceras?)   gunendewa  n.  gp., 
Clarke,  No.  96. 
Glaaoonome  Goldfuss,  Grabau,  No.  229. 

carinata  Hall,  Grabau,  No.  229. 
Gleichenia  dppei  (Corda)  Heer?,  Fontaine. 

No.188. 
GlooBOzamites tontaineanus  Ward  n.sp..  Fon- 
taine, No.  188. 
Glyptostrobus  brookensis  (Fontaine)  WanJ, 

Fontaine,  No.  188. 
Gomphoceras  Sowerby,  Grabau.  No.  229. 
lunatum  Hall,  Grabau,  No.  229. 
manes  Hall,  Grabau,  No.  229. 
Gongylospongia  n.  gen.,  Hall  and   Clarke, 
No.  276,  276. 
complanatus  Hall,  Grabau,  No.  229. 
marsh!  n.  sp.,  Hall  and  Clarke,  No$.  275. 276. 
rhynchostoma  Clarke,  Grabau,  No.  229. 
sororium  Clarke,  Grabau,  No.  229. 
Goniatites  dc  Haan,  Grabau,  No.  22B. 

(Gephyroccras)    holzapfeli   Clarke,  Gra- 
bau, No.  229. 
(Mantioceras)  intumescens  Beyrich,  Gra- 
bau, No.  229. 
(Probeloceras)  lutheri  Grabau,  No.  229. 
(Tomoceras)    bicostatus    Hall,   Grabau. 
No.;29. 
uniangularis  Conrad,  Grabau,  No.  229. 
Goniobasis?  (?)  increbescens  n.sp.,  Stanton, 
No.  603. 
pealei  n.  sp.,  Stanton,  No.  603. 
Goniophora  Phillips,  Grabau,  No.  229. 

modiomorphoidcs  n.  sp.,  Grabau,  Nos. 229, 
230. 
Gosselettia  Barrios,  Grabau,  No.  229. 

retusa  Hall,  Grabau,  No.  229. 
Grammatodon  M.  and  H.,  Woods,  No.  793. 
Grammysia  de  Vemeuil,  Grabau,  No.  229. 
arcuata  (Conrad),  Grabau,  No.  229. 
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Paleontolonr— Continued. 
Qenera  omd  tpecies  described— Oontinned. 
Grewiopeifl  ?  aldenoni  n.  sp.,  Knowlton,  No. 

892. 
Qriphodictya  n.  gen.,  Hall  and  Clarke,  Noa. 
275,277. 
ellphanes  n.  sp.,  Hall  and  Clarke,  Noa.  276, 
277. 
Orypluea  galceola  var.  nebnuscensis  Meek  and 
Hayden,  Stanton,  No.  008. 
planooonvexa  Whitfield,  Stanton,  No.  608. 
vesicnlaris  Lam.,  Harris,  No.  280. 
Grypodon,  Hay,  No.  286. 
Gulo  liscuB  Linn,  Cope,  No.  118. 
HabrocrinuB  d'Orb.,  Grabau,  No.  229. 

pentadactylus  n.  sp.,  Grabau,  No.  229. 
Hadrianus  schucherti  n.  sp.,  Hay,  No.  287. 
Hadrophyllum,  E.  and  H.,  Graban,  No.  229. 

woodl  n.  sp.,  Grabau,  No.  229. 
Haguia  n.  gen.,  Walcott,  No.  682. 

spluerica  n.  sp.,  Walcott,  No.  682. 
Hallodictyan.  gen.,  Hall  and  Clarke,  N08.276, 
276. 
cottoniana  n.  sp..  Hall  and  Clarke,  Noe. 

276,276. 
sdensis  n.  sp..  Hall  and  Clarke,  No«.  276, 
276. 
Halysites  Fischer,  Lambe,  No.  413. 
catenularia  L.,  Lambe,  No.  413. 

var.  amplitubulata  n.  var.,  Lambe, 

No.  413. 
▼ar.  gracilis  Hall,  Lambe,  No.  413. 
var.  nitida  n.  var.,  Lambe,  No.  413. 
var.  quebecensis  n.  var.,  Lambe,  No. 

413. 
var.  simplex  n.  var.,  Lambe,  No.413. 
compacta  Rominger,  Lambe,  No.  418. 
micropora  Whitfield,  Lambe,  No.  418. 
Hederella  Hall,  Grabau,  No.  229. 

canadensis  (Nicholson),  Grabau,  No.  229. 
filiformis  (Billings),  Grabau,  No.  229. 
Helicodictya  n.  gen..  Hall  and  Clarke,  Nos. 
275,276. 
(7)  Concordia  n.  sp..  Hall  and  Clarke,  Noa 

275,276. 
(?)  scio  n.  sp.,  Hall  and  Clarke,  Nos.  276, 

276. 
tnrpania  n.  sp..  Hall  and  Clarke,  Noa.  276, 
276. 
Heliolites  Dana,  Lambe,  No.  413. 

inordinata  Lonsdale  (sp.),  Lambe,  No. 

413. 
interstincta  L.,  Lambe,  No.  413. 
subtubulata  McCoy  (sp.),  Lambe,  No. 418. 
Heliophyllum  Hall,  Graban,  No.  229. 
confluens  Hall,  Grabau,  No.  229. 
halli,  E.  and  H.  Grabau,  No.  229. 
Helminthoidichnites  meeki  n.  sp.,  Walcott, 
No.  681. 
(7)  neihartensis  n.sp.,  Walcott,  No.  681. 
(?)  spiralis  n.  sp.,  Walcott,  No.  681. 
Helodus  wortheni,  Hay,  No.  286. 
Heteroceras  sp.,  Harris.  No.  280. 
Hicoria  crescentia  n.  sp.,  Knowlton,  No.  892. 

culveri  n.  sp.,  Knowlton,  No.  392. 
Hindia  sphseroidaliB  Duncan,  Glrty,  No.  222. 


Paleontology— Continued. 
Otnera  and  tpecies  described— Continued. 
Hlpponyx  sylvnrupis  n.  sp.,  Harris,  No.  281. 
Holasterella  wrighti  var.  amerlcana  n.  var., 

Qirty.  No.  223. 
Homalonotus  Kcenig,  Grabau,  No.  229. 

dekayi  (Green),  Grabau,  No.  229. 
Homomya  gallatinensis  n.  sp.,  Stanton,  No. 

608. 
Hybodus  copei.  Hay,  No.  286. 
Hydnoceras  Conrad,  Hall  and  Clarke,  Nos. 
276,276. 

anthracis  n.  sp.,  Hall  and  Clarke,  Nos. 
276,276. 

avoca  n.  sp.,  Hall  and  Clarke,  Nos.  276, 276. 
barroisi  nom.  nov.,  Hall  and  Clarke,  Nos. 

275,276. 
bathense  n.  sp.,  Hall  and  Clarke,  Noe.  276, 

276. 

botrcedema  n.  sp.,  Hall  and  Clarke,  Nos. 

276,276. 
eumeces  n.  sp.,HaIl  and  Clarke,  Nos.  275, 

276. 
eutheles  n.  sp..  Hall  and  Clarke,  Nos.  276, 

276. 
gracile  n.  sp..  Hall  and  Clarke,  Nos.  275, 

276. 
hyastrum  n.  sp..  Hall  and  Clarke,  Nos.  276, 

276. 

jeumontense  n.sp..  Hall  and  Clarke,  Nos. 
275,276. 

legatum.  Hall  and  Clarke,  Noe.  276, 276. 
lutheri  n.  sp..  Hall  and  Clarke,  Noe.  276, 

276. 
multlnodosum  n.  sp.,  Hall  and  Clarke, 

Nos.  275, 276. 
nodosum    Hall  (sp.),  Hall  and   Clarke, 

Nos.  275, 276. 
phymatodes  n.  sp.,  Hall  and  Clarke,  Nos. 

275,276. 
rhopalum  n.  sp.,  Hall  and  Clarke,  Nos.  275, 

276. 
tuberosum  Conrad,  Hall  and  Clarke,  Nos. 
275,276. 
var.  glossema  n.  var.,  Hall  and  Clarke, 
Nos.  275, 276. 
varlabile  n.sp., Hall  and  Clarke, Nos. 275, 
276. 
Hydriodictya  n.gen..  Hall  and  Clarke,  Nos. 
276,276. 
cylix  n.  sp.,  Hall  and  Clarke,  Nos.  276,276. 
nephelia  n.  sp..  Hall  and  Clarke,  Nos.  276, 

276. 
patula  Hall,  Hall  and  Clarke,  Nos.  275, 276. 
Hyolithes  primordialis  Hall,  Walcott,  No.  682. 
Hyomeryx  Marsh,  Scott,  No.  676. 
Hypertragulus  Cope,  Scott,  No.  676. 
Hyphantaenia    Vanuxem  (emendata),  Hall 
and  Clarke,  Nos.  276, 276. 
chemungensls  Vanuxem,  Hall  and  Clarke, 
Nos.  276, 276. 
Hysterites  cordaitis  Gr.  'By.,  White,  No.  720. 
Icanodus  ?  llmitaris,  Hay,  No.  286. 
Hex  7  affinis  (?)  Lx.,  HoUick,  No.  828. 
sp.,Hollick,No.828. 
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ii.No.» 


bambini  Hon., 
Ipbldes  Kn]ptl«  Keek.  Walcott,  No.  ( 

■p.  UDdet, .  Walcott,  No,  OZ. 
iHwhlllDa  JoDCB,  Otabui.  Mo.  321. 

Ub>c«  Jone^  Onbui,  Ho.  229. 
bopholl^  H&T.  No.  M. 
JaglKiucn«eiit1aii.q>.,Kno»lloii,Ko.n!. 

lanrUolia  n,ip.,Kiio«ltini,No.n2. 

mgoaa  Li..  Holllcb,No.3K. 

■chimperl  Li.,Holllck.Ko.I3S. 
KellU  prima  Aid.,  Burin,  No.ZM>. 
tabcchiu  hnroDeiudBBUUiigi  ap.,  Lamb«,  No. 

4it. 
LBlKpa  iDeruntm,  H«r.  No.  S8B. 
LflKomyB  pAlaOaiu  Cope,  Cope,  No.  118. 
Lapparlk  dam«n  Con.  far..  HairiK  Na  281. 
Lallnu  lortUls  vat.  Danafalloi  a.  tu..  Hui1& 

No.  281. 
lADrlDOiyloQ  palchmm  n.  sp. ,  Know  1  Ion ,  No. 

8*2. 
lAiinu8imnd1flL]E,,Know]loD,No.3ft2. 

monlanB  □.  sp.,  Knowlton,  No.  892. 

pcrdlla  n.  i!p.,KnaHl(on,No.SK. 

pilncepd  Heer.,Knowllon,No.»2. 

prlmigeniii  Ung. ,  HolUck,  No.  828. 

prlmigeoliT  Uog.,  Knowlton,  No,  mz. 

paeDdo-c&roUueiuls  Lx.,  Knowlton,  No. 


cHnila  n,  (p.,  Hall  and  Clarke,  Noa,  715, 
277, 
Leda  aldrichlana  Har,  tht,,  Harris.  No.  280. 

corpolentoldei  Aid.  var, ,  Harris.  No,  280. 
Legumen  planulatum  Con.,Harria,No.2S0. 
Lesiimlnoaitefl  lamarcnisla  n.  ip..  Knowlton, 


No.  31 


I 


Inquereoxlans  Kn, ,  Knowlton.  No,  892. 
I^Iopleria  Hall.  Grabau,  Nd.22». 

conradl  Uall,GrabiiQ,No,22», 

iBflncsqull  Ha]J,arabaii,No,229. 
Lelorhynchua  Hall.Orabau.No.ZM, 

dublnm  HHtl,Orabau,No,229, 

Itmltarv  (Vaiiuiein),arHbau.Na2Z9. 

muUlroniu  Hall,  nretau.  No.  229. 

quadrlcosUtiim  (VanuxemJ, Grabau.  No. 
229, 
Leiosloma  (?)  Indorlclana  n.sp.,  Harris.  No. 

280, 
LeperdillaRonan1t.On>ban.No.229. 

tiudmnlcH  Ha1l,Orabau.No,229. 
Lepldocymt*  veslotilarl"  Li,,  White,  No.  719. 
Lepldodendrongiembc^,  While.  No,  7S0, 

brttiHll  Lx,,  While, No, 720. 

choctaveiise  n.sp.,  While.  No. 719. 

clj-pealum  Li,,  White, No,  T20, 

lanceolHlum  Li,,  While, Ho. 720. 


mLx.,1 


LeiMophkdos  StcmbeiB,  WUte,  Ko.  Tat 
Tan  ingenl  n,  sp..  White,  No.  T2D; 
(T)  d.van  lugenl.  White,  NoLnDL 
Lepldopbyllnm  brcTUnllimi  Lx.,  Whit 
719. 
Jenneri  n.  qi.,  White.  Na  7K. 
lanceolamm  L.  and  H.,  Whlls,  Mo.  71 
cf.  manrfeldi  Lx..  While,  No.  71*. 
mlnoorienn  D.if>,.  White,  No.  73(k 
inineatnm  Lx. .  White,  Na  7U. 
Lepldoatiobns  piincepaLx.,  While.  No. 
Lepldoiykm  anomalnm  Lx..  While,  No 
Ltqit«na  rhomboldaUi  Wilkeu,  Obttr 

gg,ag3. 
Leplecodon  recliian.gen.etqi.,WllllHc 

748. 
Leptlctalhyan.  gen., Btewoit,  No.su. 

■gills  n.  ip,.  Stewart,  Na  811. 
Leptomerix  Letdy,  Scott,  No.  G7&. 
Leplophyllia  agasalEl  n,ip.,VaI:Khan,^ 
Leptoreodon  Wortman, Scott,  No. BK. 
Leptoiliobus  (T)  alatiM  Ward  n.  v..  Foi 
No.  188. 
tongiloUos  Fontaine,  POnlaliM,  No. 
Leptotia^ua  Boott  and  Osbom,  Bool 

676. 
Lepos  irlvatlcai  Baehm.,  Oope,  No.  118. 
Leribucdnum  lineatom  Coo.,  Harris,  S 
Levlfanu  Indentus  n.  ^.,  Hairio.  N«.  21 
pacoda  Hellp,.  Harris,  Noo,  280, 2SL 
snpnplaniisn.>p..Hanit,  Noa.  290,1 
trabeatns  Con, ,  Harris  No.  281. 
trabcatus  Con,  var.1,  Harris.  No.  280 
LIchenaUa  Hall.  Onibaa.  No.  239. 
slatlata  HaIl.Grabaa,No.22t. 
LIcbenariatypa  W.and  8.,  BacdeKo.  N 
Uma  peloglca  Mori. ,  Harris.  No.  280. 
UnmocTonrlporliu.Mandi.No.MI. 
UDcari*  melasCriata.  Harris,  No,  280. 
Llngula  Bnigul^re,  Grabau,  No,  239. 
della  Hall.  Olabau.Nu.  229, 
insUloldes8owerb7',Oirty,No.222. 
flpaCulata  Vanuieiu.  Grabau,  No,  22 
(GloiBlna)  Icsna  HaU.Otsban.Sa.: 
Ungulells  loibsenusof  Obolua.  Walcol 
689. 

.,  Whit 


Jnopteris  gHkerBOnensb  n 


lagranul 


U  Lea.  Harris,  No.  281. 
counll  n.sp..lAmbe,K 

Bp..GlrtT,No.23S. 
Lllsea  cuneeta  n.sp.,  Knowlton,  No.  8K! 
Locullpora  Hal1,arabau.No.2n. 

perforata  Hall,  Grabau, No. 229. 
Loosdalela  pictoenae  Billings  sp.,Laiiil 

LoionemaPhllllp(.araban,No.239. 

attenuatum  Hall  T,ainf  ,No.]22. 
brevlculumHal1,GiBl>ati,No.229. 
T  nnpta  Ua1],anbau,No.229. 
de1lcatumn.sp.,Qlny,No.IX8. 
dclphicola  Hall,  Grabau,  No.  219. 
hamlllonlie  Hal],  Grabau,  No.  229. 
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Paleontology— Continued. 
Genera  and  apeeits  dewHbed— Continned. 
Loxonemar-Oontinued. 
(?)  8p.,Oirty,No.228. 
■p.,  Weller,  No.  711. 
Lucina  ozarkanft  Har.,  Hanit,  No.  280. 
Lunulicardinm  Munster,  Oraban,  No.  229. 
curtiim  Hall,  Orabau,  No.  220. 
frafi^e  Hall,  Orabau,  No.  229. 
LDtra  rhoadsii  Cope,  Cope,  No.  118. 
Lyellia  Milne-Ed  wards  and  Haime,  Lambe, 
No.  418. 
affinia  BillingB,  Lambe,  No.  418. 
americana  Milne-Edwards  and   Haime, 

Lambe,  No.  413. 
dedpiens  Rominger,  Lambe,  No.  418. 
exigiia  Billings  (sp.) ,  Lambe,  No.  418. 
saperba  Billings,  Lambe,  No.  418w 
Lygodium  kaulfusii    Heer,  Knowlton,   No. 

392. 
Lynx  calcaratos  Cope,  Cope,- No.  118. 
Lyopora  Nich.  and  Eth.  Jun.,  Lambe,  No.  413. 

goldfossi  Billings  (sp.) ,  Lambe,  No.  418. 
Lyrodictya  Hall,  Hall  and  Clarke,  Nos.  275, 
277. 
(7)  bnrlingtonensis  Hall  (sp.),  Hall  and 

Clarke,  Nos.  275,277. 
romlngerl  Hall,  Hall   and  Clarke,  Nos. 
275,277. 
Lysactinella  Qirty,  Hall  and  Clarke,  Nos.  275, 

276. 
Macherodus  Kaupp,  Cope,  No.  118. 

gracilis  Cope,  Cope,  No.  118. 
Macrodon  Lycett,  Grabau,  No  229. . 
Macrodon  Ljrcett,  Woods,  No.  798. 
hamiltoniiB  Hall,  Grabau,  No.  229. 
sp.,  Weller,  No.  711. 
Macron  philadelphicus  n.  np.,  Harris,  No.  281. 
Mactra  bistrlata  Har.,  Harris,  No.  280. 
Magnolia  culvert  n.  sp.  Knowlton,  No.  892. 
hilgardiana  Lx.,  Hollick,  No.  328. 
lanceolata  Lx.,  Hollick,  No.  828. 
microphylla  n.  sp.,  Knowlton,  No.  392. 
(?)  pollardi  n.  sp.,  Knowlton,  No.  892. 
spectabilis  n.  sp.,  Knowlton,  No.  392. 
Malapoenna  lamarensisn.  sp.,  Knowlton,  Net. 

392. 
Mantioceras  accelerans  n.  sp.,  Clarke,  No.  96. 
apprimatum  n.  sp.,  Clarke,  No.  96. 
contractum  n.  sp.,  Clarke,  No.  96. 
fasciculatum  n.  sp.,  Clarke,  No.  96. 
nodifer  Clarke,  Clarke,  No.  96. 
oxy  n.  sp.,  Clarke,  No.  96. 
pattersoni  Hall  (sp.) ,  Clarke,  No.  96. 
▼ar.  styliophilum,  n.  var.,  Clarke,  No. 
96. 
rhynchottoma  n.  sp.,  Clarke,  No.  96. 
simulator  Hall  (sp.),  Clarke,  No.  96. 
sororium  n.  sp.,  Clarke,  No.  96. 
taidum  n.  sp.,  Clarke,  No.  96. 
yagans  n.  sp.,  Clarke,  No.  96. 
Mariopterls  capitata  n.  sp.,  White,  No.  719. 
murlcata  (Schloth)  ZeiU.,  White,  No.  719. 
cf.  nerrosa  (Brongn.)  Zeill.,  White,  No. 

720. 
occidentalis  n.  sp..  White,  No.  719. 
▼illosa  n.  var.,  White,  No.  719. 
sillimannl  (Brongn.),  White,  No,  719. 


Paleontology— Continued. 
Genera  and  tpeciea  described— Continued. 
Mariopteris— Continued. 

sphenopteroides  (Lx.)  Zeill.,  White,  No. 
720. 

sp.,  White,  No.  720. 

n.sp.,  7White,  No.  720. 
liartinia  rostrata  n.  sp.,  Girty,  No.  228. 
Mastodon  americanus  Leidy,  Cope,  No.  118. 
Mathilda  leana  Aid.,  Harris,  No.  281. 
Matonidium   althausii    (Dunker)    Ward    n. 

comb.,  Fontaine,  No.  188. 
Mazsalina  plena  Aid.,  Harris,  No.  280. 

var.  plenus,  Harris,  No.  281. 
Megalichthys,  Hay,  No.  286. 
Megalonyx  loxodon  Cope,  Cope,  No.  118. 

scalper  Cope,  Cope,  No.  118. 

tortulus  Cope,  Cope,  No.  118. 

wheatleyi  Cope,  Cope,  No.  118. 
Megambonia  lata  Hall,  Girty,  No.  222. 
Melania  sylvffirupis  n.  sp.,  Harris,  No.  281. 

trigemmata  Con.,  Harris,  No.  281. 
Melanopsis  anita  Aid.,  Harris,  No.  281. 

planoidea  Aid.,  Harris,  No.  281. 
Menophyllum  (T)  excavatum  n.  sp.,  Girty, 

No.  228. 
Mephitis  Linn.,  Cope,  No.  118. 

fossidens  Cope,  Cope,  No.  118. 

leptops  Cope,  Cope,  No.  118. 

obtusaius  Cope,  Cope,  No.  118. 

orthostichus  Cope,  Cope,  No.  118. 
Meristella  Hall,  Grabau,  No.  229. 

arcuata  var.  atoka  n.  var.,  Girty,  No.  222. 

barrisi  Hall,  Grabau,  No.  229. 

haskinsi  Hall,  Grabau,  No.  229. 

rostrata  Hall,  Grabau,  No.  229. 
Mesalia  pumila  var.  alabamensis  Whitf.,  Har- 
ris, No.  281. 
Mesogaulus  ballensis  n.  gen  et  sp.,  Riggs, 

No.  560. 
Mesomorpha  catadupensis  n.  sp.,  Vaughan, 

No.  672. 
Matadoxides  magnificus  n.  sp.,  Matthew,  No. 

470. 
Metula  sylveerupis  n.  sp.,  Harris,  No.  281. 
Michclinia  de  Koninck,  Lambe,  No.  413. 

clappii    Milne-Edwards    and    Haime, 
Lambe,  No.  413. 

convexa  d'Orbigny,  Lambe,  No.  413. 

favosistoidea  Billings  em.  (favosoidea), 
Lambe,  No.  413. 

placenta  White,  Girty,  No.  228. 
Micmacca  van  ingeni  Matt,  Matthew,  No. 

468. 
Microtus  dideltus  Cope,  Cope,  No.  118. 

diluvianus  Cope,  Cope,  No.  118. 

involutus  Cope,  Cope,  No.  118. 

speothen  Cope,  Cope,  No.  118. 
Mitra  hatchetigbeensis  AM.,  Harris,  No.  281. 

pergracilis  Con.,  Harris,  No.  281. 
Mitrella  alabamensis  Aid.  and  M.,  Harris,  No. 
281. 

missiasippiensis  Aid.,  Harris,  No.  281. 
Modiella  Hall,  Grabau,  No.  229. 
Modiola  alabamensis  Aid.,  Harris,  No.  280. 

pygmaa  (Conrad),  Orabau,  No.  229. 

stubbd  n.sp.,  Harris,  No.  280. 

sp.,  Logan,  No.  440. 
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Pmleontology— Continued. 
Cfenara  and  apecies  dMcribec^-Continaed. 
Modlomorpha  Hall,  Orabau,  No.  229. 

alata  (Conrad),  Orabau,  No.  220. 

concentrlca  (Conrad),  Grabau,  No.  229. 

northvlewensis  n.sp.,  Weller,  No.  711. 

subalata  (Conrad),  Orabau,  No.  229. 
Monilopora  Nich.  and  Eth.  Jr.,  Orabau,  No. 
231. 

antiqua  Whlteavea,  Orabau,  No.  281. 

beecberi  n.  sp.,  Orabau,  No.  231. 

craoa  (McCoy), Orabau,  No. 231. 
Moniloporldn  n.  fam,  Orabau,  No.  341. 
Monopteria  ?  subalata    n.   sp.,  Beede  and 

Rogers,  No.  46. 
Monotrypa  Nicholson,  Orabau,  No.  229. 

amplectens  n.  sp.,  Orabau,  No.  229. 

fructicosa  (Hall ) ,  Grabau,  No.  229. 

(?)  furcata  (Hall), Orabau, No. 229. 
Moorea  Jones  and  Klrby,  Orabau,  No.  229. 

bicomuta  Ulricb,  Orabau,  No.  229. 
Mourlonia  north viewensls  n.8p.,  Weller,  No. 

711. 
Multicolumnastrsea  n.  gen.,  Vaughan,  No.  672. 

cyathiformis  (Duncan) ,  Vaughan,  No.  672. 
Murchisonia  marcouiana  Oeinlts,  Oirty,  No. 

222. 
Muricidea  imbricatula,  Harris,  No.  281. 
Musophyllum  compllcatum  Lx.,  Knowlton, 

No.  392. 
Mustela  diluviana  Cope,  Cope,  No.  118. 
Msralina  ?  exasperata  n.  sp.,  Beede,  No.  44. 
Myliobatis  leidyi,  Hay,  No.  286. 
Mylodon  7  harlanii  Owen,  Cope,  No.  118. 
Mylohyus  Cope,  Cope,  No.  118. 

namitos  Leidy,  Cope,  No.  118. 

pennsylvanicus  Loidy,  Cope,  No.  118. 

tetragon  us  Cope,  Cope,  No.  118. 
Myrlca  bolanderi  ?  Lx.,  Knowlton, No. 892. 

lamarensis  n.  sp.,  Knowlton,  No. 392. 

wardii  n. sp.,  Knowlton, No.  392. 
Nageiopsis  angustifolia  Fontaine?,  Fontaine, 
No.  188. 

longifolia  Fontaine,  Fontaine, No.  188. 
Nassa  canccllata  Lea,  Harris,  No.  281. 

exills  Con.,  Harris,  No.  280. 

newcombei  Mcrriam,Merriam,No.481. 
Natica  alabamiensis,  Harris,  No.  280. 

aperta  VVhitf.,  Harris,  No8. 280,281. 

eminula  Har.,  Harris,  No.  280. 

eminula  Har.  var.,  Harris,  No.  281. 

magno-umbilicata  Lea,  Harris,  No.  281. 

(Neverita)  oniista  Whitf.,  Harris,  No.  281. 

(Lacunaria)  alabamicnsis  Whitf.,  Harris, 
No.  281. 
erecta  Whitf.,  Harris,  No.  281. 
semilunata,  Harris,  No.  281. 

(Sigaticus)  clarkeana  Aid.,  Harris,  No.  281. 
Naticopsis  (?)  sp.,Girty,No.223. 
Nautilus  Breynius,  Grabau,  No.  229. 

magister  Hall,  Grabau,  No.  229. 

(Centroceras)   marcellensis   (Vanuxem), 
Grabau,  No.  229. 
Neitheaquinquecoetata?(Sow.)  Mort.,  Harris, 

No.  280. 
Neritinawyomingensisn.sp.,  Stanton,  No.  603. 


Paleontology— Continued. 
Oenera  and  apeciet  described— Omtlnoed. 
Neuropteria  Brongniart,  1822,  White,  Na  m. 
caudata  D.  W.,  White,  No.  719. 
dilateta  (L.&nd  H.)  Lx.,  White,  No.  720L 
griflSthii  Lx.,  White,  No.  n9. 
harrisi  n.  sp..  White,  Na  719. 
jenneyi  D.  W.,  White,  No.  719. 
miBsouriends  Lx.,  White,  Noe,  719,720. 
Tar.  nerroaa  n.  var..  White,  Na 719. 
BCheuchzeri  Hotbn.,  White,  Noa.  719,730. 
Niso  umbilicata  Lea,  Harris,  No.  28L 
Nucleospira  Hall,  Orabau,  No.  229. 

condnna  Hall,  Orabau,  No.  229. 
Nucula  Lamarck,  Orabau,  No.  229. 
oorbuliformis  Hall,  Grabau,  Na  229. 
pulchella  n.  sp.,  Beede  and  Rogers,  No. « 
Nuculana-arata  (Hall) ,  Oirty,  No.  222. 
Nuculites  Conrad.  Orabau,  No.  229. 
nyasa  Hall,  Orabau,  No.  229. 
oblongatua  Hall,  Grabau,  No.  229. 
tryqueter  Conrad,  Grabau,  Na  229L 
Nyctopora  Nicholson,  Lambe,  No.  413. 

billingsi  Nicholson,  Lambe,  No.  412. 
Obolella  gamagei  n.  sp.,  Hobbs,  No.  820. 
loperi  n.  sp.,  Walcott,  No.  683. 
mickwitzi  n.  sp.,  Walcott,  No.  68S. 
namouna  n.  sp.,  Walcott,  No.  688^ 
pandemia  n.  sp.,  Walcott,  No.  683. 
rhea  n.  sp.,  Walcott,  No.  688. 
Obolua  Elchwald,  Walcott,  No.  683. 
anceps  n.  sp.,  Walcott,  No.  683. 
(Lingulella)  aigutus  n.  sp.,  Walcott,  No 
683. 
auga  n.  sp.,  Walcott,  Na  683. 
bellus  n.  sp.,  Walcott,  No.  683. 
bellulus  n.  sp.,  Walcott,  No.  688. 
desideratua  n.  sp.,  Wala>tt,  No.  68S. 
dubius  n.  sp.,  Walcott,  No.  683. 
ellsi  n.sp.,  Walcott,  No.  683. 
euglyphus  n.  sp. ,  Walcott,  No.  633. 
franklinemds  n.  sp.,  Walcott,  No.663. 
hayesi  n.  sp.,  Walcott,  No.  683. 
helena  n.  sp.,  Walcott,  No.  683. 
ino  sp.,  Walcott,  No.  683. 
lambomi  yar.  minimus  n.  Tar.,  WaJ 
•  cott,No.683. 

leoa  n.  sp.,  Walcott,  No.  683. 
lineolatus  n.  sp.,  Walcott,  No.  683. 
mosia  Tar.  osceola  n.  Tar.,  Walcott,  Nc 

683. 
nanno  n.  sp.,  Walcott,  No.  683. 
oweni  n.  sp.,  Walcott,  No.  683. 
phaon  n.  sp.,  Walcott,  No.  683. 
pogonipcnsis  n.  sp.,  Walcott,  No.  683 
prindlei  n.  sp.,  Walcott,  No.  683. 
punctatus  n.  sp.,  Walcott,  No.  683. 
rogersi  n.  sp.,  Walcott,  No.  683. 
rotundatus  n.  sp.,  Walcott,  No.  683. 
similis  n.  sp.,  Walcott,  No.  683. 
sinoe  n.  sp.,  Walcott,  No.  683. 
tarpa  n.  sp.,  Walcott,  No.  683. 
wlllisi  n.  sp.,  Walcott,  No.  683. 
zetUB  n.  sp.,  Walcott,  No.  683. 
(Lingiaepis)  Hall,  Walcott,  No.  682. 
acuminatus  Tar.  meekl,  Walcott,  N* 
682. 
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Paleontology— Ck>ntinued. 
Qenera  and  species  detcribedr-ContLnvted. 
Odontoperis  ?  bradlesri  Lx.,  White,  No.  720. 

wortheni  Lx.,  White,  No.  719. 
Oligocarpia  cf .  gutbleri  Qoepp,  White,  No.  720. 

miaA>uriena[8  n.  sp.,  White,  No.  720. 
Oligoponis  ?  miiiutus  n.  sp.,  Beede,  No.  44. 
Olivella  media  via,  Harris,  No.  281. 
Omphalophloioe  cycloetlgma    (Lx.)  D.  W., 

White.  No.  720. 
Omphyma  erlphyle  Billings  sp.,  Lambe,  No. 

414. 
Onoclea  minima  n.  sp.,  Knowlton,  No.  892. 
Oppelia  ?  sp.  Stanton,  No.  608. 
Orbiculoldea  d'Orbigny,  Oraban,  No.  229. 

doria  Hall,  Grabau,  No.  229. 

lodlehsis  Vanuxem,  Grabau,  No.  229. 

media  Hall,  Grabau,  No.  229. 
(?)  Oromeryx  Marsh,  Scott,  No.  576. 
Orthis  ?  remnicha  Wlnchell,  Walcott,  No.  682. 

(T)  sandbergi  Winchell,  Walcott,  No.  682. 
Orthoceras  Breynlus,  Grabau,  No.  229. 

aulax  Hall,  Grabau,  No.  229. 

chemungense  Swallow,  Weller,  No.  711. 

constrictum  Vanuxem,  Grabau,  No.  229. 

emaceratum  Hall,  Grabau,  No.  229. 

eriense  Hall,  Grabau,  No.  229. 

exile  Hall,  Grabau,  No.  229. 

nnntinm  Hall,  Grabau,  No.  229. 

rude  Hall,  Girty,  No.  222. 

subulatum  Hall,  Grabau,  No.  229. 

telamon  Hall,  Grabau,  No.  229. 
Orthonota  Conrad,  Grabau,  No.  229. 

(?)  parvula  Hall,  Grabau,  No.  229. 
Orthoethropia  strophomenoides  Hall,  Girty, 

No.  222. 
Orthothetes  Fischer  de  Waldheim,  Grabau, 
No.  229. 

arctostriatus  Hall,  Grabau,  No.  229. 

chemungcnsis  (Conrad) ,  Weller,  No.  711. 

in»qualis  Hall,  Girty,  No.  223. 

perversus  Hall,  Grabau,  No.  229. 
Ory  otocephalus  reynoldsl  n.  sp..  Reed,  No.  542. 
Osmotherium  Cope,  COpe,  No.  118. 

spelseum  Ck)pe,  Cope,  No.  118. 
Osmunda  afflnis  Lx.,  Knowlton,  No.  392. 
Ostrea  attenuata  n.  sp.,  Logan,  No.  440. 

beloiti  n.sp.,  Logan,  No.  438. 

canonensis  n.  sp.,  Logan,  No.  440. 

congesta  Conrad,  Logan,  No.  440. 

crenula  n.  sp.,  Logan,  440. 

crenulimarglnata,  Harris,  No.  280. 

exogyroidea  n.  sp.,  Logan,  No.  440. 

incurva  n.  sp.,  Logan,  No.  440. 

jewellensis  n.  sp.,  Logan,  No.  440. 

kansasensis  n.  sp.,  Logan,  No.  440. 

larva,  Harris,  No.  280. 

lata  n.  sp. ,  Logan,  No.  440. 

leeii  n.  sp.,  Logan,  No.  440. 

plumosa,  Harris,  No.  280. 

pulaskensis,  Harris,  No.  280. 

thlnsse,  Harris,  No.  280. 

strigllecula  White,  Stanton,  No.  608. 

welleri  n.  sp.,  Logan,  No.  440. 

willistonl  n.  sp.,  Logan,  No.  440. 
Pachyphyllum  sp.,  Qlrty,  No.  223. 
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Paleontology— Continued. 
Qenera  and  tpeciea  described—Continued. 
Pachyrhizodus  minimus,  Stewart,  No.  609. 
Palseoneilo  Hall,  Grabau,  No.  229. 

oonstricta  ( Conrad ) ,  Grabau ,  No.  229. 

constricta  (Conrad)?,  Weller,  No. 711. 

emarglnata  (Conrad),  Grabau,  No.  229. 

fecilnda  Hall,  Grabau,  No.  229. 

mnta  Hall,  Grabau,  No.  229. 

tenuistriata  Hall,  Grabau,  No.  229. 

trundLta  Hall,  Weller,  No.  711. 
Paleotrochis,  Williams,  No.  741. 
Pale«chara  Hall,  Grabau,  No.  229. 

amplectens  Hall,  Grabau,  No.  229. 

intercella  Hall,  Grabau,  No.  229. 

reticulata  Hall,  Grabau,  No.  229. 
Pallurus  columbi  Heer,  Knowlton,  No.  392 

minimus  n.  sp.,  Knowlton,  No.  ^. 

dzyphoides  ?  Lx.,  Knowlton, No. 392. 
Panibatrachus,  Hay,  No.  286. 
Paracyclas  Hall,  Grabau,  No.  229. 

lirata  (Conrad) ,  Grabau,  No.  229. 
Parazyga  Hall  and  Clarke,  Grabau,  No.  229. 

hifBUta  Hall,  Grabau, No.  229. 
Patella  geometrica  Merriam,  Merriam,  No. 

481. 
Patellostium,  Girty,  No.  222. 

nodocostatum  (Gurley),  Girty,  No.  222. 
Pecopterls  cf.  arboretcens  (Schloth.)  Brongn., 
White,  No.  720. 

borealis  Brongn.,  Fontaine,  No.  188. 

clintoni  Lx.,  White,  No.  720. 

dentata  Brongn.  (non  Will.),  White,  No. 
719. 

geyleriana  Nathorst,  Fontaine,  No.  188. 

Jenheyl  n.  sp..  White,  No.  720. 

lesquereuxii  D.  W.,  White,  No.  719. 

oreopleridla  (Schloth.)  Stb.',  White,  No.719. 

polymorpha  Brongn,,  White,  No.  719. 

pseudovestita  n.  sp,.  White,  No.  720. 

richardsoni  n. sp.,  White,  No. 719. 

squamosa  Lx.,  White,  No.  720. 

unita  Brongn.,  White, No.  719. 

vestita  Lx.,  White,  No.  720. 

var.  minor  n.  var.,  White,  No.  719. 

(Asterotheca)    hemltelioides    Brongn.  7, 
White,  No.  720. 

(Asterotheca)  squamoM  Lx.,  White,  No. 
719. 

(Dactylotheca)    dentata   Brongn.     (non 
Will.),  White, No.  720. 
Pelycictis  lobulatus  Cope,  Cope,  No.  118. 
Pentacrlnus  asteriscus  Meek  and   Hayden, 

Stanton,  No.  608. 
Pemopecten  cooperensis  (Shumard),  Weller, 

No.  711. 
Persea  speciosa  Heer,  Hollick,  No.  328. 
Phacops  Emmrich,  Grabau,  No.  229. 

hudsonlcus  Hall,  Girty,  No.  222. 

rana  (Green),  Grabau,  No.  229. 
Phaethonides  Angelin,  Grabau,  No.  229. 

gemmeeus  Hall  and  Clarke,  Grabau,  No, 
229. 
Phanerotinus  paradoxus  Wlnchell,  Weller. 

No.  711. 
Phillne  alabamensis  Aid.,  Harris,  No.  281. 
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Pmleontolc^ry— 'CJontinued. 

Oenna  and  tpecia  deacribed— CJontlnued. 

Phillipflastnea  billingBi  Calvin,  Lambe,  No. 

414. 

verneolli   Milne-EdwardB    and    Halxne, 

Lambe,  No.  414. 

Pboladella  Hall,  Orabau,  No.  229.  ' 

radiata  (Conrad),  Orabau,  No.  229. 

Pholadomya  insequiplicata  n.  sp.,  Stanton, 

No.  G08. 

king!  Meek,  Stanton,  No.  608. 

Pholas  alatoideus,  Harris,  No.  280. 

Pbolidops  Hall,  Qrabau,  No.  229. 

hamiltoniflB  Hall,  Grabau,  No. 229. 

linguloides  Hall,  Grabau,  No. 229. 

Phra^Tinites  falcata  n.sp.,  Knowlton,  No.  892. 

? latisaima  n.sp.,  Knowlton,  No.  992. 

Phragmodictya  Hall,  Hall  and  Clarke,  Nos. 

275,277. 

catelUformifi   Whitfield  (sp.).  Hall  and 

Clarke,  Nos.  275,  277. 

(?)  crebrlfltriata  Hall,  Hall  and  Clarke, 

N06.275,  277. 

(7)  lineata  Hall,  Hall  and  Clarke,  N08. 275, 

277. 

patelliformis  Hall,  Hall  and  Clarke,  Nos. 

276,277. 

Phyllites  craasifolia  n.  sp.,  Knowlton,  No.  892. 

Pbyllonotus  morulus  Har.,  Harris,  No.  281. 

Phjrnchoet^um  knowltoni,  n.  sp.,  Britton, 

No.  65. 

Physospongia  Hall,  Hall  and  Clarke,  Nos.  275, 

277. 
altemata  Hall,  Hall  and  Clarke,  Nos.  275, 

277. 
colletti  Hall,  Hall  and  Clarke,  Nos.  275, 

277. 
dawsoni  Whitfield  (sp.)  Hall  and  Clarke, 

Nob.  275,  277. 
multibursaria  n.  Hp.,  Hall   and   Clarke, 
Noe.275,  277. 
Pinna  pcracuta  ahumarfl,GIrty,No.222. 

sp.,  Harris,  No.  280. 
Pinus  jrracilistrobus  n.  sp.,  Knowlton,  No.  892. 
iddingsi  n.  sp., Knowlton, No.  392. 
macrolepis  n.  sp.,  Knowlton,  No.  892. 
premurrayana  n. sp.,  Knowlton, No. 892. 
Husquacnsis  Dawaon,  Fontaine.  No.  188. 
.  wardii  n. sp.,  Knowlton,  No.  392. 
PityoxylonaldersonI  n.  8p.. Knowlton,  No.  392, 

amethystinum  n. sp.,  Knowlton.  No. 392. 
Planolites  corrugatus  n,  sp.,  Walcott,  No.  681. 

Huporbiw  n.  sp.,  Walcott,  No.  681. 
Plasmop<^ra  Milne-Edwards  and  Haime  1849, 
Lambe.  No.  413. 
follis  Milne-Edwards  and  Haimc,  Lambe, 

No.  413. 
petaliformis  Lonsdale  (sp.),  Lambe,  No. 
413. 
Plataninium  haydeni  Felix,  Knowlton,  No. 

392. 
Platanusci.ssoidesLesquereux  ?, Ward, No.  690. 
guillelmffi  Goepp,  Knowlton,  No.  392. 
montana  n.sp., Knowlton,  No. 392. 
Platecarpiis,  Williston,  No.  747. 


Paleontolc^^ — ConUnued« 
Genera  and  gpeciet  detcrtbed— Oontinoed. 
Platyceras  Conrad,  Girty,  No.  223. 

Conrad,  Grabau,  No.  229. 

buoculentum  Hall,  Grabau,  No.  229i 

carinatum  Hall,  Grabau,  No.'229. 

erectum  Hall,  Grabau,  No.  229. 

symmetricmn,  Grabau,  No.  229. 

thetis  Hall,  Grabau,  No.  229. 

primordialis  Hall  ?,  Walcott,  Na  682. 

(Orthonycbia)  attennatom  HaU,Ortba 
No.  229. 
PlatycrinuB  Miller,  Grabau,  No.  229. 

eriensis  Hall,  Grabau,  No.  229. 

symmetricus  Wachamuth  and  Springe 
Girty,  No.  223. 
Platyostoma  Conrad,  Grabau,  Na  229. 

lineata  Conrad,  Grabau,  No.  229. 

var.emarginata  n.Tar.,Gnban,NoJ3 

mlnutum  n.  sp. ,  Girty,  No.  228. 
Platyschisma  minourien«iB  xl  «p.,  Weller,K 

7U. 
Platyxytrodus  striatos.  Hay,  Na  288. 
Plethomytilns  Hall,  Grabau,  No.  229. 

oviformis  (Conrad ) ,  Grabau,  No.  229. 
Plethoepira  7  n.  sp.,  Girty,  No.  222. 
Pleurodictyum  Goldfuss,  Grabau,  No.  229: 

sty lopora  ( Eaton ) ,  Grabau,  No.  229. 
Pleuromya  subcompzena  Meek,  Stanton,  N( 

608. 
Plenrophorus  taffl  n.  sp.,  Girty,  No.  222. 
Pleurotoma  cainei  n.  sp.,  Harris,  No.28L 

capaz  Whltf .,  Harris,  No.  281. 

carlottn,  n.  sp.,  Harris,  No.  281. 

denticulata  Edw.  var.,  Harris,  No.  281. 

exilloides  Aid.,  Harris,  No.  281. 

georgci  n.  sp.,  Harris,  No.  281. 

huppertzi  var.,  Harris,  No. 280. 

langdoni  Heilp.,  Harris,  No.  281. 

mediavia  Har.  var.,  Harris, No. 281. 
var.  equiseta  n.  var.,  Harris, 28L 

moniliata  Heilp.,  Harris,  No.28L 

moorei  Gabb,  Harris,  No.  281. 

nebulosa  n.  sp.,  Harris,  No.  281. 

roscoei  n.  sp.,  Harris,  No. 281. 

servatoidea  Aid.,  Harris,  No. 281. 

silicata  Aid.,  Harris,  Nos.  280,281. 

(-?)  siphus  Aid.,  Harris,  No.  281, 

terebrans  Aid.  var.,  Harris,  No. 281. 

tombigbeensis  Aid.,  Harris,  No. 281. 

vaughani  var.  sylvaenipis,  Harris,  No.2S 

veatchi  n.  sp.,  Harris,  No. 281. 

(Mangilia)  infans  Har.,  Harris,  No. 281. 
Pleurotomaria  de  France,  Grabau,  No.  229. 

capillaria  Conrad,  Grabau,  No.  229. 

Isaacsi  Hall  and  Whitfield  (?),  Girty,  Nt 
223. 

itys  Hall,  Grabau,  No.  229. 

lucinia  Hall,  Grabau,  No.  229. 

planidorsalis  Hall,  Grabau,  No. 229. 

regulata  Hall,  Grabau.  No.  229. 

(?)  sp.,  Girty,  No.  223. 
Pleurotomella  sigma,  n.  sp.,  Harris,  No. 28L 

veatchi  n.sp.,  Harris,  No. 280. 
Poacitessp.,  Hollick,  No.  828. 


mtBM.]   PALEONTOLOGY,  PETBOLOGY,  AND  MINERALOGY,  1899,   131 


Paleontology— Continued. 
Genera  and  species  described— OmtiwieA. 
Polygnathus  Hinde,  Orabaii,  No.  229. 

cnasoB  Hinde,  Qrabau,  No.  229. 

cristatOB  Hinde,  Qraban,  No.  229. 

dublus  Hinde,  Grabau,  No.  229. 

linguiformis  Hinde,  Grabau,  No.  229. 

namitufl  Hinde,  Grabau,  No.  229. 

palmatus  Hinde,  Grabau,  No.  229. 

pennatus  Hinde,  Grabau,  No.  229. 

princepB  Hinde,  Grabau,  No.  229. 

punctatufl  Hinde,  Grabau,  No.  229. 

eolidufl  Hinde,  Grabau,  No.  229. 

tmncatufl  Hinde,  Grabau,  No.  229. 

tuberculatus  Hinde,  Grabau,  No.  229. 

(T)  simplex  Hinde,  Grabau,  No.  229. 
Polygyra  caloosaensis  n.  sp.,  Johnson,  No.  861. 
Polypora  McCoy,  Grabau,  Na229. 

multiplex  Hall,  Grabau,  No.  229, 
Polypsephis,  Hay,  No.  286. 
Populus  balsamoides  Goepp,  Knowlton,  No. 
392. 

daphnogenoides   Ward,  Knowlton,    No. 
892. 

glandulifera  Heer,  Knowlton,  No.  392. 

fSfexAoBBk  Ward,  Knowlton,  No.  892. 

(7)  viyaria  n.  sp.,  Knowlton,  No.  392. 

xantholithensis  n.  sp.,  Knowlton,  No. 892. 
Poroellia  of.,  P.  rectinoda  Win.,  Weller,  No. 

711. 
Porltes  reussiana  Duncan,  Vaughan,  No.  672. 
Posidonomya?  spertenuis  n.  sp.,  Beede,  No.  44. 

recurva  n.  sp.,  Beede,  No.  44. 
Potamldes  fulvarupis  n.  sp.,  Harris,  No.  281. 
Probeloceras  n.  gen.,  Clarke,  No.  96. 

lutheri  Clarke,  1885,  Clarke,  No.  96. 
Primitia  Jones  and  Hall,  Grabau,  No.  229. 

pyrilormis  n.  sp.,  Matthew,  No.  468. 

semniculum  Jones,  Grabau,  No.  229. 
Prlmitiopfiis  Jones,  Grabau,  No.  229. 

punctulifera  (Hall) ,  Grabau,  No.  229. 
Prionlodus  Pander,  Grabau,  No.  229. 

abbreyiatus  Hinde,  Grabau,  No.  229. 

adcularis  Hinde,  Grabau,  No.  229. 

(?)  alatus  Hinde,  Grabau,  No.  229. 

angulatus  Hinde,  Grabau,  No.  229. 

armatus,  Hinde,  Grabau,*No.  229. 

clavatus  Hinde,  Grabau,  No.  229. 

erraticus  Hinde,  Grabau,  No.  229. 

pander!  Hinde,  Grabau,  No.  229. 

spicatus  Hinde,  Grabau,  No.  229. 
Prfonotropis  woolgari  Meek,  Logan,  No.  488. 
Pliamodictya  n.  gen.,  Hall  and  Clarke,  Nos. 
275,  276. 

allegania  n.  sp.,  Hall  and  Clarke,  Nos.  275, 
276. 

amicitia  n.sp..  Hall  and  Clarke,  Nos.  275, 
276. 

aulophia  n.sp., Hall  and  Clarke,  Nos.  275, 
276. 

baculum  Hall  (sp.).  Hall  and  Clarke, Nos. 
275,276. 

banano  n.  sp.,  Hall  and  Clarke,  Nos. 276, 
276. 

oercidea  n.sp..  Hall  and  Clarke,  Nos. 275, 
276. 


Paleontology— Continued 
Genera  and  species  describedr-ContLnneA. 
i         Prismodietya  choanee  n.  sp. ,  Hall  and  Clarke, 
Nos.  275,  276. 
cithara  n.  sp.,  Hall  and  Clarke,  Nos.  275, 

276. 
conradi  Hall  (sp.),Hall  and  Clarke,  Nos. 

276,  276. 
corynia  n.  8p.,Hall  and  Clarke,  Nos.  275, 

276. 
fllitextilia  Hall  (sp.).  Hall   and  Clarke, 

Nos.  275,276. 
narthecia  n. sp..  Hall  and  Clarke,  Nos. 275, 

276. 
palffia  n.sp.,  Hall  and  Clarke,  Nos.  275, 

276. 
parallela  Hall  (8p.),Ha]l  and  Clarke,  Nos. 

275,276. 
polyhedra  n.  sp.,  Hall  and  Clarke,  Nos.  275, 

277. 
prismatica  Hall  (sp.),  Hall  and  Clarke, 

Nos.  276,  276. 
ptionia  n.  8p.,Ha]l  and  Clarke,  Nos.  275, 

276. 
spectabilis  n.  sp..  Hall  and  Clarke,  Nos.  275, 

276. 
telum  Hall  (sp. ),  Hall  and  Clarke,  Nos.  275, 
276. 
Productella  Hall,  Grabau.  No.  229. 
alifera  n.  sp.,  Girty,  No.  228. 
cooperensis  Swallow,  Girty,  No.  228. 
navicella  Hall,  Grabau,  No.  229. 
spinulicosta  Hall,  Grabau,  No.  229. 
Prodnctus  burlingtonensis  HallT,  Girty,  No. 
222. 
gallatinensis  n.  sp.,  Girty,  No.  228. 
IflBvicosta  White,  Girty,  No.  223. 
parviformis  n.  sp.,  Girty,  No.  228. 
Bcabriculus  Martin,  Girty,  No.  228. 
semireticulatus  ( Martin )  ?,  Girty,  Nos.  222, 
228. 
Proetus  Stelninger,  Grabau,  No.  229. 

curvimarginatus  Hall,  Grabau,  No.  229. 
loganensls  Hall  and  Whitfield,  Girty,  No. 

228. 
macrocephalus  Hall,  Grabau,  No.  229. 
peroccidens  Hall  and  Whitfield,  Girty, 

No.  228. 
protuderans  Hall,  Girty,  No.  222. 
rowi  (Green ) ,  Grabau,  No.  229. 
Promacrus  cuneatus  Hall,  Weller,  No.  711. 

websterensiB  n. sp.,  Weller,  No.  711. 
Protagraules  priscus  Matt,  Matthew,  No.  468. 
Protagriochoerus  n.  gen.,  Scott,  No.  676. 
Protarea  Milne-Edwards  and  Haime,  Lambe, 
No.  413. 
vetusta  Hall,  Lambe,  No.  418. 
Protoceras  Marsh,  Scott,  No.  576. 
Protogaulus  hippodus  n.   gen.    (sp.  Cope), 

Rigg8,No.660. 
Protoreodon  Scott  and  Osbom,  Soott,  No.  676. 
Protosalyinia  (Sporangites)  huronenalB,  Ami, 

No.  10. 
Protosiphon  kempanum  Matt.,  Matthew,  No. 

468. 
Protospirrsena  gigas  n.  sp.,  Stewart,  No.  610. 
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Gtnera  and  tpala  docribnl— dmOiiued. 
Protjlopiu  Wortman,  Scott,  Ko.  KM. 
PModooopleris  Li.,  White,  Ko.  720. 

Obln^oba  (Bion«D.)  Lx.,  WUle,Ho.na. 

■qtumoMi  Lx.qi.,WUte,No.nCt 

»p,.  While,  No.  720. 
PaeudollTi  Bcalliu  Hellp.,  UaniB,No.  %1. 

tuberciiltfenCciii..HaiTli.No.lSL 

ntuita,  HuTla,  No.  2S1 . 

veuma  m..  Huria,  No.  zao. 
PTCDdomonolls  (TJ  ct.  hawni  Meek,  Bcede. 


lenuistrlata  sp.  ?  var,  T  noT.,  Beede,  Ho.  tt. 
Pnudopecoplerls  nuullenta  (L.  and  H.)  Lx.. 
White,  No.  TIB. 

aquamoaa,  Li..  Wblle.  No.  1\% 
Fwudo-peroaD.gen.,  Logan.  No.  440. 

UteauBtaa.sp.,  Logan,  Na  440. 

orbioularle  u.  ap.,  Logan,  No.  440. 

rncosan.Kp.,  Logan,  No.  440. 

torts  n.Bp.,  Logan,  No.  44D. 

wl1>ionln.ap.,Lc«an,No.4W. 
Pterlnn  OoldtuM,  Oraban,  No.  22«. 

flabella  (Coniad),  Orsbsu,No.2». 
Plerlnopect^n  HBl1,anbau,No.2S. 

C0Diip«ctiu  Hall,  Grabau,  No.  22B. 

benniHHa]],GrabaD.No.230. 

undodua  Hall.  Graban,  No.  I2». 
Pterla  pMudopennKlormla,  Bollick.  No  KB. 
PteToapermllcti  hagnei  n.  «p.,  Knowlton,  No. 


nerunpheaun  MhucbertI  n.gen.etip.,Lncaa, 

Ptllodlctya  LoDMlali'.  Qiabau,  No.  xas. 

plamea  Hall,  (irabau.  Nn.  221. 
Ptiloporaap.,  Olrty,  No.  2S3. 
Ptychoceras  near  rrBiHUin,  Uanie,  No.  380. 
Ptycbodeona  cf.  P.  minor  Rail,  Welter.  No. 

711, 
Ptychoparia  (B.)  sISdIb  Wal«itt,Wal(»tt.  Mo. 
682. 

antlquB  Salter  up.,  Walcott,  No. 02. 

(t)dlBdeniBlaHalliit>.,Walcott,  No.6», 

llanocniila  Walcirtt  (T),  WalcDtl,  No.  682. 

penfleldl  n.i.p.,  Waloitt,  No.  882. 

(LonorbuccplialUB)    wincomienBlB    Owen 
«p„  WalcoU.  No,  682. 

up.  nndel.,  Walcott,  No.  «S2. 
Pycnodun  ptuuoolun.  Hay ,  No.  280. 
PyrlopcctCD  Hall,arabeu,No.22«. 

orblculatiii  Hal1.0rabau,No.2». 
Pyrop»lB  piTllla  Ald.,IIsrria,No.281. 
Qiipn-liilum  lamarcmw  n,«p-. Knowlton, No. 

302. 
Queiwiphyllum    wyomlngense    n.  ap.,  Fon- 
Uine,  No.  188. 

nulvf rl  n.ip.,  Knowlton,  No,  M2. 
Queroud  eonifmllt:.?  Newby.,  Knowlton,  No. 


gToaddontala  n.  up.,  Knowlton.  No.  SB2. 


Oatmainitpteic*' 


he^peria  n.  tp. ,  Kno  wltoti.  Mo. 


mlcrodentata  n.  ip..  Bi^Uck,  H 
waidlanaLx.T.  WBi4,No.aHL 
weedii  n.  ap..  Knowlton.  No.  IS 
yanceyl  n.ap..  Knowlton.  NolI 
>p.,  Knowltmi,  NO.S02. 

Beplacla  BoUe.  Oraban.  No.  2ZiL 
MolOQifera  BoUe,  Oraban.  No.  i 

Relepotlika  d'Oiblgnr.  Oraban,  Na 
•trtata  Hall,  Oraban.  No.  !2>. 

B«tlculaila  onperen^  SwaUov, 
231. 
«x>pereiui>  var. ,  Ql  rty.  No.  231;. 
(?)  peenllaili  Shaman),  Otrty,  1 
peipleia  { HcChe^nj), Olrty,  1 
(T)  aubrolUDda  Hall.  Qlitr,  Ho. 

Rbabdocatpoa    mnltMriattu    (Pi 
White.  No.  720. 
<  Pachrteata)  maaaOeldl  Lx.,  Wl 

Rbabdodapongia  n.  gen.,  Hall  ai 
Noa.I75.27C. 
amalthea   Ball    (ip.).  Hall  a 

Noa.  3TS.  ZTC. 
condroiJana  D.  gp..  Hall  and  C 

Ethamnaclolnia  raillatum   Felix, 

Rhamnna  clebnml  Lx.,  BolIIck,  N« 

Bhlplclomella  Oehlert,  Grabau,  No. 
tKulingtoneiulK  (Hall),  Weller, 
eyclae  Hall,  Grabau.  No.  22». 
Idonea  Ra1],GrBbaa,No.22i, 
]eucoaiaHHll,«rabau,No.229. 
mlc^hellnl  L«vellk-.Glrty,No.S 
obUW  HiUI,Glrty,No.22i 

vni.emaigloalaHall.GIIty, 
penelopc  Hall ,  Grabau.  No.  229. 
TBouxem!  Hal1.Qnban.NoL22B. 

EhlEodns,  Hay,  No.  386. 

Rhombopon  Meek, Grabau.  No.  XS. 
hexagons  (Hall),GrabaD,No.I9 
Immeiaa  Ball. Grabau,  No.m. 
llneataHkll, Grabau,  No.  22». 
polygona  (Hall), Oraban.  No.  22 
reticulata  <  Hall  I,  Oraban.  Ni>,  Z 
tortalinla,Gisbau,No.2». 
(?)  tranxvcrHiL  { Ball). Oraban.  N 

Rlngicula  butleriana  Aid..  HariK.  t 
butlerlnna  var.    llgnitJIera  AM 
No.  2S1. 

RjHncriapongla  n.gen..lIalLBU[lCI 
27S,  we. 
gerolatclnenaia  F.  Roemer  lap.i, 

Romlngeria  Nicholson,  T^mbc,  No.  H 

umbellltrrHBIIllngxIop.l.lAnit 

Kbyncbonella    gnathopora    Meek. 


Rbynchoaplra  fonnoan  (Hall), Girt] 
8agonodus  copeaoua  n.  Fti.,WIIllitoii 
lextllis,Uay,ND.28e. 
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Paleontology— Continued. 
Cfenera  and  tpeciea  described— Ck>ntinued. 
Sallx  varians  Heer,  Knowlton,  No.  392. 
Sandbergeroceraii  Hyatt,  Clarke,  No.  96. 

syngonum  n.  sp.,  Clarke,  No.  96. 
SanKuinoIites  websterensls  n.  8p.,  Weller,  No. 

711. 
Sapindopsis  variabillfl   Fontaine,    Fontaine, 

No.  188. 
SapinduM  affinis  Newby.,  Knowlton,  No.  392. 

angUfltifoliuB  Lx.,  Hollick,No.828. 

grmndifoliohis  Ward,  Knowlton,  No.  392. 

jrrand1folloloidi«  n.  sp.,  Knowlton,  No. 
392. 

wardii  n.Hp.,  Knowlt4)n,No.392. 
Sapotacites  amcricaniw  Lx.,  Hollick,  No.  328,  • 
Sassafras  mudgil  Lx . , Ward ,  No.  690. 
Sanrocephaliis  lancifonnis.  Hay,  No8.288,298. 

pamphag:nH,  n.  sp.,  Hay,  Nos.  288, 296. 
Scala,  Harris,  No.  281. 

exquisita  Aid.,  Harris,  No.  281. 
Bcalarituba   miasouriensis  n.   gen.  et.    sp., 

Weller,  No.  711. 
Scaphander  alabamensifl  Aid.,  Harris,  No.  281. 

ligniticus  Aid.,  Harris,  No.  281. 
Scapbella  dcmissa  Con.  var..  Harris,  No.  281. 

heilprini,  Harrl.s,  No.  281. 
Scaphioorinus  sp.,  Girt>',  No.  223. 
Scaphites,  Logan,  No.  438. 

nodosus,  Logan,  No.  438. 

warreni,  Logan,  No.  438. 
Schizaster  lecontei  n.  sp.,  Merriam,  No.  480. 
Scbizobolus  IHricb,  Grabau,  No.  229. 

truncatus  Hall,  Grabau,  No.  229. 
Schlzodus  King,  Girty,  No.  222. 
Scbizodus  King,  Gral>au,  No.  229. 

aequalis  Hall.  Weller,  No. 711. 

afflnis  Herriok ,  Girty,  No.  222. 

appresHU-s  ( C^onrad ) ,  Grabau,  No.  229. 

meekanu.s,  n.  «p.,  Girty,  No.  222. 

pandatiLs,  n.  sp. ,  Girty,  No.  222. 

telliniformis,  n.  sp.,  Girty,  No.  222. 
Schizophoria  swallovi  (Hall),  Weller,  No. 711. 
Sdurus  calycinus  Cope,  Cope,  No.  118. 
Scleropteris   distantifolia    n.  sp.,  Fbnkaine, 
No.  188. 

rotundifolia  n.  sp.,  Fontaine,  No.  188. 
Scutella  gabbi  R^mond,  Merriam,  No.  480. 

interlineata  Stimpson,  Merriam,  No.  480. 
Seminula  humulis  n.  sp.,  Girty,  No.  223. 

immatura  n.  sp..  No.  Girty,  223. 

madisonensis  n.  sp. ,  Girty,  No.  223. 
var.  pusilla  n.  var.,  Girty,  No.  228. 
Sequoia  eouttsie  Heer,  Knowlton,  No.  392. 

gracilis  Heer,  Fontaine.  No.  188. 

langsdorfli   (Brongn.)    Heer,    Knowlton, 
No.  392. 

magniflca  n.sp.,  Knowlton,  No.  392. 

reichenbachi   (CJeinitz)   Heer,  Fontaine, 
No.  198. 

sp.  Fontaine,  No.  188. 
Serpulorbis  sylvserupis  n.  sp.,  Harris,  No.  281. 
Sigaretus  bilix  Con.,  Harris,  No.  281. 

declivus  Con.,  Harris.  Nos.  280, 281. 
Siglllaria  sigillarioidea  (Lx.) ,  White,  No.  720. 

(Asolanus)    camptotsenia   H.    C.   Wood, 
White,  No.  T20. 


Paleontology — Continued. 
Oenera  and  speeiea  described— Continued. 
Sipho  iuomeyi  Aid.,  Harris,  No.  281. 
Siphonalia  subaelarina  Heilp.,  Harris,  No.  28L 

sp.  Harris,  No.  281. 
Smilax  lamarensis  n.  sp.,  Knowlton,  No. 892. 
Smilodon  mercerii  Cope,  Cope,  No.  118. 
Solariella  louisiana  Dall.,  Harris,  No.  281. 
Solarium  bellense  n.  sp.,  Harris,  Nos. 280, 281. 
cupola  Heilp.,  Harris,  No.  281. 
elaboratum  Con.,  Harris,  No.  281. 

var.  delphinuloides  Heilp.,  Harris,  No. 

281. 
var.  intusum  n.  var.,  Harris,  No.  281. 
huppertzi  Har.  var.,  Harris,  No.  281. 
greggi  Har.,  Harris,  No.  281. 
leanum  Dall.,  Harris,  No.  281. 
sylvserupis  Har.,  Harris,  No.  281. 
Solenomya  parallela  n.  sp.,  Becde  and  Rogers, 

No.  46. 
Solenoplenra?  weedi,Walcott,No.682. 
Somphospongia  n.  gen.,  Beede,  No. 44. 

multiformis,  n.  sp.,  Beede,  No.  44. 
Sphenolepidium  kurrianum  (Dunker)  Heer, 
Fontaine,  No.  188. 
parceramosum  Fontaine,  Fontaine,  No. 
188. 

Sphenophyllum    cuneifolium    (Stb.)   Zeill., 

White,  No.  719. 
emarginatum  Brongn.,  White,  No.  720. 
lescurianum  n.  sp..  White,  No.  720. 
majus  Brongn.,  White,  No.  720. 
suspectum  n.  sp.,  White,  No.  719. 
(Asterophyllites?)     fasciculatum     (Lx.), 

White,  No.  720. 
Sphenopteris  brittsH  Lx.,  White,  No.  720. 
canneltonen.His  n.  sp..  White,  No.  720. 
capitata  n.  ap.,  White,  No.  ?20. 
chserophylloides  (Brongn.)  Presl.,  White, 

No.  720. 
cristata  (Brongn.)  Prosl.,  White,  No. 720. 
illinoiMnsis  n.  sp..  White,  No.  720. 
lacoei  D.  W.,  White,  No.  720. 
misBOuriensis  n.  sp.,  White,  Na  720. 
mixta  Schimp.,  White,  No.  720. 
pinnatifida  (Lx. ) ,  White,  No.  720. 
pluiinervia  Heer?,  Fontaine,  No.  188. 
subcrenulata  (Lx. ),  White,  No.  720. 
suspecta  n.  sp.,  White,  No.  720. 
sp..  White,  No.  720. 
Sphenopteris  talfii  n.  sp..  White,  Na  719. 
van  ingeni  n.sp..  White, No. 720. 
wardiana,  n.  sp.,  White,  No.  720. 
(CroMotbeca)     ophiogloaBoides     (Lx.), 

White.  No.  720. 
(Hymenotheca)  broadheadi  n.sp..  White, 

No.  720. 
Sphenotus  Hall,  Grabau,  No.  229. 

truncatus  ( Conrad ) ,  Grabau,  No.  229. 
Spirialis  choctavensis  Aid.,  Harris.  No.  281. 

elongatoidea  Aid.,  Harris,  No.  281. 
Spirifer  Sowerby,  Grabau,  No.  229. 
angustua  Hall,  Grabau,  No.  229. 
asper  Hall,  Grabau,  No.  229. 
audacul  us  ( Conrad ) ,  Grabau,  No.  229. 
var.  eatoni  Hall ,  Grabau,  No.  229. 
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Pal  too  tsloKy — Con  Unued . 
Oenera  and  ijKrio  dacrited— ConOnned. 
Splrlfer— ConUnued. 

cenln>D>tiuWliu;hell.Otrt;,Ho.33t. 
TAT  semirunatiu  n.  var.,  Olitr,  No. 


conaobrl  dui  d'  Orblgny ,  0  raban ,  No.  2S. 

engeluuulTil  Heek,Glrty,Ni}.22S. 

ttmnutoaua  <  Conrad  | ,  Onbau,  No.  239. 
THr.dtnionl  BftU.OiBbaQ.No.ZZB. 

DiaRn)iiotuBllH]1.Gnb«u,No.22». 

marinnensin Shumard  (?)  Olny.No.ias. 

m»rlonenBlBehumiRl,Weller.No.711. 

mucn)DatusConr»d,Orabau,No.229. 

rocVynioDUnusHHn»u.01Itr,No.22SL 

nrlalufl  var.  rnkdlsoncTula  n.  Tai.,Olny, 
No.  223. 

nibaltenuanu  H«ll.alrcr,No.22S. 

tnlUiH  Hall,arabaii,No.22». 

(DelthfiU)  BCDiptitli  (Hall),  QiabaD,  No. 
229. 

(HartUiiB)  Ribiunboiiui  Ball.Qnbaa.No. 
129. 

(Beticuluia)    Bmbrlatiu  (Conimd),  Qn- 
ban,No.2£«. 

(T.01rty,No.I23. 
Bplrirerlna  BolldlroBtrlii  White,  Qlrty,  No.  22S. 
Spiropb]itoiiap..WeIler,No,Tll. 
Spliorbli  lAmaii:k,arabaa,No.2Z9. 

BDgulalos  Hall ,  Onbau,  NO.Z39. 
ewaroceru  glbbosum  Hyatt,  airtf, No.  222. 
ategaooblanua  canadenali.  While,  No.  126. 
Bteminatla  blciMattiB,  Hay, No.  28(1. 

blturcatUH,  Hay,  Sn,  286, 

cbeinronals.  Hay ,  No.  2§e. 

ixiinpactua.Bay,  No.  2S«. 

k«ikuk,Hay,No.28«. 

nyinmelrteu!'.  Hay.  No.  286. 
StlboriopslB  n.  Ren. ,  Vaughan,  No.  «T2. 

jaiDHlcacnslB  ii.!ip.,VBUKhaD,No.eT2. 
Stictnpora  Hflll.Onibftu,No,2». 

palmlpn<HBll,Grabau,No.229. 

pennnr^lnala  HB]l.arBbBa,No.2». 

recta  Hall. Urabiiu,  No.  229. 

BtmioBB  HBll,GrBbBii,No.2». 
Blloloporellft  m  sp,,airty,No.I2S. 
BtlgmarlB  evenll  Li.,  White,  No.  720. 

"  ititl)  a.  A.  Hlllcr,  White, 


il  Wbltlleld,  amy.  N 


StKpielasni  BHalI,Grahau.No.229, 

rectum,  Hall,  Grabau,  No.  229. 

ungula  Hall.GrHbau,  No.  229. 

waynense  (Safford),  While,  No.  222. 
atrepula  JoDCH and  Hull, Onbau, No.229. 

elgmoldallM  loae^.  Urabau,  No.229. 
StHaUipora  HBll,tdmbi',No,413. 

flexuona  Hall,  Lambc,  No.  413. 

lluiKwiB  BilUngi,  Lambe,  No,  4is. 


PalcoDtolonr— CoDtinned . 
Qfnera  and  apeeia  deaerlbed — OoDtlDiv 
Strophalosia  King,  Qiabui.  No.  29. 

IniDcata  (Hall),  Ombau.Na  229. 


demi 


id.  Onbau.  No.; 


pllcatB  Hall,QTaban.N0L22S, 
(LeptoMropbla)   perplaoa  i 

bau,No.2!9. 
(DoaTllIlnB)  Insquirtriata  (I 

ban.  No.  239. 
{Pholidonrophla)  iiacraa  (E 

No.229. 
(Leptoitnphia)  JunU  Hall. 


On 


Stropbocrinoa  dlcycllcoi  n.^ei^eti 
■on,No,HK 

BIylarea  von  Seebach.  Lunbe,  Na  4! 
parva  BIHId^  (ap.),  Lambe.  No. 

Htyllollna  Kaiptiuky.  OnbaD,  Ko.  2S 
anurellaHall.arabau,No.&9. 
aplca<Hall|.OrBbiu,No.23». 

Stylocienia  dheideDl  h.  ^..  Hill,  No. 

SDrculanMutaWhltf..HBnfi.No.2S 

Syrluni  cloaclmim  Cope,  Cope.  No.  1 

SyringoUlea  HInde  1879,  I^mbe,  No. 
huronenida  Hinde.  Lombe.  No. 41 

Syrtngopora  Goldfnn,  lAmbe,  No.  41; 
BCUIPaU  n.  up.,  Olity.  No.  223. 
blfurcata  Lonsdale,  I*nibe.  No.  1 
oompacta  BiUlnsa,  lAmbe.  No.  4] 
dalmenllBimn««.L(uube,No.4l 
hlaln^rl  Billing  L^mbe.  413. 
Inlandlbula  WhlIfleld,LAmbe,N 
InlennedlB  BlUlngii,  lunbe.  No. 

'  DiBcluret  Billing,  Latnbe,  No  n 
DObllie  Bdllnga,  I^mbe,  No.  413. 
perelegana  Bfl lings.  l.anibe,No.H 
nunuloea  Goldfun.  lAmbe,  No.  A 
reUculaU  Ooldlun,  Lambc,  No.  t 
retlfonnla  BltllnR9,l«mbe,No.4 
BUr(;ularian.Bp.,GIrty.No.223. 
verticil  lata  (Joldliua,  Lambe,  No 

Brrlngolherla  carteri  (Uall),  Wellei 
oarteriHall,  01rty,No.223. 

Symola  dalll  Con.  Tar.,  Harria,  No.  a 
trapaquara  Har.  ii.Rp.,HaniB,N( 

TffiQlophyllum  latUoUum  n.  >p.,  W 
720. 

Teenloplerls  T  mlMouilenslB  D.  W.,  W 


Tseolpora  Nlchol»D,Grabaii,No.23l 
eilEua  NIcholion,  OnbaD.  Na  2S 
Taplnia  hayall  Leidy,Cope,Ko.  118. 
TaitteK  olrtkl  Heer.  KnowlIon.No.a 
Taxocrinua  l>hllllpa,Grabau,No.229 

nuDtlue  Hall.Grataa.No.XO). 
Tancredta  1  knowltont  n.«p.,8t»ntol 
Telnwloma  Babaagulatiu  Meyer,  fi 

Teleopterniu  Cope,  Cope,  No.  lis. 

orlen tails  Cope,  Cope,  No.  Ug. 
TelllnopBls  BBll,OrBban,No.239. 

eabemaiginala  (CoDiad),Orahu 
i.,lUnh,Na,4M. 
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Paleontology— Continued. 
Oenera  and  species  deacribeti— Continued. 
Tentaculites  Schlotheim,  Orabau,  No.  229. 
bellulus  Hall,  Gmbau,  No.  229. 
gradlistriatui  Hall,  Orabau,  No.  229. 
Terebratulina  sp.,  Harrifi,  No.  280. 
Terebiifusus  amcenus  Con.,  Harris,  No.  281. 
Testudo  gilbertii,  Hay,  No.  289. 
Tetracaulodon     (Tetrabelodon)    shephaidii 

Cope,  Wa^er,  No.  679. 
Tetradimn  Dana,  Lambe,  No.  413. 

flbratum  Safford,  Lambe,  No.  418. 
Tetranthera  prsBCursoria  Lx.,  Hollick,  No.  328. 
TbHinnodictya  Hall,  Hall  and  Clarke,  Nob.  275, 
277. 
newberryi  Hall,  Hall  and  Clarke.  No8.275, 

277. 
ortoni  n.  sp. ,  Hall  and  Clarke,  Nos.  276, 277. 
Thetis  sp.,  Harris,  No.  280. 
Thracia  weed!  n.  sp.,  Stanton,  No.  808. 

?  montanaensis  (Meek)  ?,  Stanton,  No. 608. 
Thryiopteris  brevifolia  Fontaine,  No.  188. 
brevipennis  Fontaine  7,  Fontaine,  No.  188. 
crassinervis  Fontaine,  Fontaine,  No.  188. 
dentifolia  n.  sp.,  Fontaine,  No.  188. 
elliptica  Fontaine,  No.  188. 
peoopteroides  Fontaine,  Fontaine,  No.  188. 
pinnatifida  Fontaine  ?,  Fontaine,  No.  188. 
Thysanodictya  n.gen.,  Hall  and  Clarke,  Nos. 
275,276,277. 
apleta  n.  sp.,  Hall  and  Clarke  Nos.  275, 276. 
edwin-halli  nom.noy.,  Hall  and  Clarke, 

Nos.  275, 276. 
hermenia  n.  sp.,  Hall  and  Clarke,  Nos.  275, 

276. 
johnstoni  n.  sp.,  Hall  and  Clarke,  Nos.  275, 

276. 
pOBCilUH  n.  sp.,  Hall  and  Clarke,  Nos. 275, 

276. 
quasillum  n.  sp.,  Hall  and  Clarke,  Nos. 275, 

276. 
randalli  Hall  (sp.),  Hall  and  Clarke, Nos. 

275,276. 
nidis  Hall  (sp. ),  Hall  and  Clarke,  Nos.  275, 

276. 
saccus  n.  sp.,  Hall  and  Clarke,  Nos.  275, 276. 
Hcyphina  n.sp.,  Hall  and  Clarke,  Nos.  275, 

276. 
turricula  n.sp..  Hall  and  Clarke,  Nos.  275, 
276. 
mtanophyllum  brittsii  n.sp..  White,  No.  720. 
Tomatellsea  bella  Con.,  Harris,  No. 281. 
Tomatina  leal  Aid.,  Harris, No. 281. 
Tomoceras  Hyatt,  Clarke,  No.  96. 

bicostatum  Hall  (sp. ) ,  Clarke,  No.  96. 
peracutum  Hall  (sp.), Clarke, No. 96. 
rhysum  n.  sp. ,  Clarke,  No.  96. 
unian^lare  Conrad  (sp.),  Clarke,  No. 96. 
var.  compressum  n.var.,Clarke,  No.  96. 
var.  obesum  n.  var.,  Cl.^jke,  No.  96. 
Toxaspis  anguillulatus  Cope,  Cope,  No.  118. 
Toxylon  longipetiolatum  n.  sp.,  Hollick,  No. 

328. 
Trachypora    Milne-Edwards     and     Haime, 

Lambe,  No.  413. 
Trachypora  £.  and  H.,  Orabau,  No.  229. 
elegantula  Billings,  Lambe,  No.  418. 
UmbBsa  (Eaton) ,  Orabau,  No.  229. 


Paleontology— Continued . 
Genera  and  apeeies  described— Continued. 
Trapa  microphylla  Lx.,  Knowlton,  No.  898. 
Trematospira  Hall,  Orabau,  No.  229. 

gibbosa,  Orabau,  No.  229. 

(Billings)?.  Oirty,No.222. 
Triboloceras  digonum  (M.  and  W.)?,  Weller, 

No.  711. 
Trigeria  Bayle,  Orabau,  No.  229. 

(?)  lepida  Hall,  Orabau,  No.  229. 
Trigonia  clegantissima  Meek,  Stanton,  No.603. 

eufaulensis  Harris,  No.  280. 

montanaensis  Meek,  Stanton,  No.  603. 
Triton  tuomeyi  Aid.,  Harris, No. 281. 

(Epidromus)  otopsis  Con.,  Harris,  No. 281. 

(Ranularia)  eocensis  Aid.,  Harris, No. 281. 
Tritonidea  johnsoni  Aid.,  Harris,  No. 281. 

pachecoi  n.  sp.,  Harris,  No.  280. 
Triumphis  hatchetigbeensis  Aid.,  Harris,  No. 

281. 
Trochoseris  catadupensis  n.  sp.,  Vaughan,  No. 

672. 
Trochosmilia  hilli  n.  sp.,  Vaughan,  No. 672. 
Trophon  caudatoides  Aid.,  Harris,  No.  281. 

elegantissimus  Aid.,  Harris,  No.  281. 

gracilis  Aid.,  Harris,  No.  281. 

sublevis  n.  sp.,  Harris,  No. 281. 
TPopidodlflcuscyrtolites  (Hall),Weller.No.711. 
Tropidoleptus  Hall,  Orabau,  No.  229. 

carinatus  (Conrad ) ,  Orabau,  No.  229. 
Tuba  antiquata  Con.,  Harris,  No.  281. 
Turbinella  (Olyptostyla?)  baculus  Aid.,  Har- 
ris, No.  281. 
Turbinoserie  Duncan,  Vaughan,  No.  672. 

cantabridgiensifl  n.sp.,  Vaughan,  No.  672. 

jamaicaensis  n.  sp. ,  Vaughan,  No.  672. 
Turbonllia  sp.,  Harris,  No.  281. 
Turritella  clevelandia  Aid.  var.,  Harris,  No. 
281. 

humerosa  Con.,  Harris,  Nos.  280, 281. 

mortoni  Con. ,  Harris,  Nos.  280, 281. 

prsecincta  Con.,  Harris,  No.  281. 
Tylodictya  n.  gen..  Hall  and  Clarke,  Nos.  275, 
277. 

(?)  tenuis  Hall  (sp.)  Hall  and  Clarke.  Nos. 
276  and  277. 

warrenensis  n.  sp..  Hall  and  Clarke,  Nos. 
275  and  277. 
Tylo6aurusdyBpelor,Cope,06bom,  No.  508. 
Typodus,  Hay,  No.  286. 
Ulmiphyllum  densinerve  n.  sp.,    Fontaine, 

No.  188. 
XJlmus  minima  7  Ward,  Knowlton,  No.  392. 

pseudo-fulva  7  Lx.,  Knowlton,  No.  392. 

tenuinervis,  Hollick,  No.  328. 
Umbrella  sylvserupis  n.  sp.,  Harris,  No.  281. 
Uintacrinus,  Springer,  No.  698. 
Uncia  inexpectata  Cope,  Cope,  No.  118. 
Uncinulus?  acutiplicatus  (Hall)  ,Qirty,No.222. 

pyramidatus  Hall  7,  Oirty,  No.  222. 
Unitrypa  Hall,  Orabau,  No.  229. 

scalaris  Hall,  Orabau,  No.  229. 
Ursus  americanus  Pallas,  Cope,  No.  118. 

haplodon  Cope,  Cope,  No.  118. 
Venericardia  planlcosta,  Harris,  No.  280. 
Veniella  sp.,  Harris,  No.  280. 
Vibumites  evansanus  Ward,  Ward,  No.  690. 
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PBl*aatalii(v— Cooti  nucd . 

Dk  roiundlfolitiDi  Li..  KdowUdd,  No- 


Vltolliu  HbII,  QntMD,  No.  !3S. 

puttnloH  Hall,  Onbaa.  No.  JU. 
VolnU  cluB  D.  (p.,  HvTla.  So.  3SL 

oewcombiuu  Whitf..  Harrfi.  No.  m. 

•p.,  B>nla,No.m. 

a*ui  Con.,  BiiiM.  Nol  ZI 


m. 


.WarU    (VoIiu1«ll» 

HuTli,  No.  2SI. 
Volpe*  clDcreoaiseDlatiu.  Cope.  No.  118. 

laUdenUliu.  n.ap..  Cope.  No.  lU. 
Wdchnlia  reUcnliUa  <Sti>k«a  A  Webb)  Ward 

n.  comb.,  Fonlalne.  No.  188, 
WIUlamiioQlii  T  pboenlcopaoida  Ward  n.  ap.. 


WoodwardU 
No.  392. 


Xenodiw  henierl.  Ha^,  No.  28a. 

Xenopbora    coDchrllophora    Bom..    Hairli, 

No.  m. 
XlphacUniu  Leidy,  BICWart,  No.  806. 

bncbygmaibiu  D.  >p..  Biewut.  No.  no. 
YoIdlaglBbimn.iip.,BeedeaiidBoKen.No.«. 
"      "  "    .,  WalcDU.No.su. 

m  Cope,  Cope,  No.  US. 
Zamltea  borealla  Beer,  No.  188. 

brevlpennle  Heer,  Fonulne,  No.  188. 

(T)  up..  Fontaine.  No.  188. 
Zaphrentlt  RaflneHiue,  Urabsu.  No.  2S. 

ligaiileB.  Lonieur  up..  Lambe,  No.  114. 

minu  DawKiD.  I*mbe.  No.  4M. 

DUrabllls  BllllngiBp..  l^mbe.  No.  114. 


ZliypbUK  wrnilBCH  Ward.  Knnwllon.  No.  391. 

Golddepnilliiur  Panama,  Henhey,  Ho.aCU. 
8ur  I'igt  den  eoucbea  travere*e»  par  le  canal 
de  Paoania,  DouvllU,  No.lU. 

BoDe  cave  ai  Port  Kennedy,  Mercer,  Nn,  47». 
Clays  of  Pen  11  sylvan  fa.  Hopklnii.  No.  3S1. 
Feldiparaand  kaolins,  HopkloH,  No.  336, 
IgneouK  TOi'ks  of  York  Haven.  Ehrenfeld,  No. 

Monadteln  DeUwHre  County,  HamllUin,  No. 


Building  and  DmamcntHl  tlrmc-i.   B 
Clawilicalion  ol  rocks,  Lewloson-Li-«i 


Origin  i,I  l-ah-iii 
•on.  No.  627. 


Rock*  fmm  roiled  Blatea-Mexioo  bow 

Lord.  No.  442. 
tllf  ration  al  alumina  and  fonulhn 

mndum.  Prmn.  No.  UZ. 
Uaa  ot  tenn  platooic  plnffx-  Iddin^  N 
Uae  of  tenn  pluionlc  plu«>.  Km-rll.  No, 

Aid.. 


eka  ol  the  Sierra  NeTsd*.  Ti 
nt  ore  deporiia,  Tnnier.  Na.i 


Oeologj  o(  NIpissIng  ai 


o.  Cnx.  No.  US. 
ToormillDe^cbina.  Patton,  N0.6IT. 
OnuuxOcuL 
GrBDlle-fmein  In  CoDDecItcol.  W« 

Jridian  Territory. 
OeolOKlc     noles     on     WIcblU      M 

Jamaiai. 

Oeolugy  of  Jamaica.  Hill,  No.  313. 
Mahte. 

Andedle  ot  Arooatook  volcanic  area 
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ol 
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Cresb 

Petrogrs 

pbic 

ol    EiKi     Co 

Wanhlngtoi 

Nob,  6M.  695.696. 697. 

El  Real 

lelH 

onte,  Onlo 
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503. 

Geologi 

del 

»  Alrededo 

eadeOrilaba. 

NO.M 

tUMaan. 
Cr)-Btal 
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ron-bearin 

g  district.  Clei 

and  Smyth 

No.  105, 

Felaltex 

and 

ISDcialed 

ocks.  Rubban 

itnulve  Igneous  rocks.  Plrs- 


343. 

Report  on  Isle  Royale,  I^ne,  No.  41'. 
Minnaola. 
Geology  of  Hibblng  plate.  Wlnchell.  N. 

Hall,  No.  -IT-i. 
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Petrology— Continued. 
Minnetota— Continued. 
List  of  rock  samples  with  annotations,  Win- 

chell,  No.  770. 
Report  of  fleld  work,  Elftman,  No.  17& 
Montana. 
Fort  Benton  folio,  Weed,  No.  701. 
Granite  rocks  of  Butte,  Weed,  No.  704. 
Little  Belt  Mountains  folio,  Weed,  No.  702. 
New  Hampshire. 
Unusual  orientation  in  phenocrysts,  Fuller, 

No.  196. 
New  Jersey. 
Occurrence  of  nepheline-syenite,  Ransome, 

No.  540. 
Palisade  diabase,  Irving,  No.  857. 
Structure  and  composition  of  trap,  Phillips, 

No.  625. 
New  York. 
Augite-syenite-gneiss,  Gushing,  No.  182. 
Geology  of  Adirondack  region,  Smyth,  No. 

596. 
Intrusion  in  Inwood  limestone,  Eckel,  No.  168. 
Newark  rocks,  Kilmmcl,  No.  896. 
Newark  system.  KAmmel,  No.  396. 
Pennsylvania. 
Igneous  rocks  of  York  Haven,  Ehrenfeld,  No. 

169. 
Uatu 
Geology  of  Tin  tic  district,  Tower  and  Smith, 

No.  632. 
Virginia. 
Gcolog>'   of    Richmond   Basin,  Shaler  and 

Wood  worth,  No.  581. 
WashingUm. 

Tacoma  folio,  Willis  and  Smith,  No.  746. 
Wyoming. 
AbsarokH  folio.  Hague.  No.  268. 
Abtarokitc-shofihonite-lMinakite    scries,    Yel- 

low8t^>ne  National  Park,  Iddings,  No.  849. 
Geology  of  Gallatin  Mountains,  Iddings  and 

Weed.  No.  354. 
Igneous  rocks  of  Absaroka  Range,  Iddings, 

No.  348. 
Igneous  rocks  of  Electric  Peak,  Iddings,  No. 

346. 
Intrusive  rocks  of   Gallatin    Mountain,  Id- 
dings, No.  345. 
Notes  on  rocks  from  Wyoming,  Hill,  No.  811. 
Recent  basalts,  Iddings,  No.  851. 
Tertiary    volcanoes    of     Absaroka     Range, 

Hague.  No.  270. 
The  rhyolites,  Yellowstone  National  Park, 

Iddings,  No.  350. 
Volcano  of  Crandall  Basin,  Iddings,  No.  847. 
JAti  of  rocks  describetl. 
Absarokite,  Iddings,  No.  349. 
Akerite,  Gushing,  No.  132. 
Amphibolite,  Turner  and  Ranaome,  No.  689. 
Analcite  rock,  Coleman,  No.  107. 
Analcitite,  Bascom,  No.  87. 
Andesite,  Gregory,  No.  260. 
Ande8iU>.  Hague,  No.  268. 
Andesite,  Iddings,  Nos.  347,  848. 
Andesite.  Tower  and  Smith,  No.  682. 
Andesite-porphyry,  Weed,  No.  702. 
Andesitic  tuff,  Turner  and  Ransome,  No.  689. 


Petrology — Continued. 
List  qf  rocks  (i«tcril)e((— Continued. 

Anorthodte,  Kemp,  No.  870. 

Aplite,  Tomer,  No.  683. 

Aplite,  Washington,  No.  696. 

Aplite,  Weed,  No.  704. 

Angite-andedte,  Lord,  No.  442. 

Augite-syenite-gneifls,  Gushing,  No.  182. 

Banaklte,  Gushing,  No.  132. 

Banakite,  Iddings,  No.  349. 

Basalt,  Hague,  No.  268. 

Basalt.  Iddings,  Nos.  347,  861. 

Basalt,  Ix)rd,  No.  442. 

Basalt,  Turner  and  Ransome,  No.  689. 

Basalt,  Weed,  Nos.  701,  702. 

Biotite-granite,  Glcmenta  and  Smyth,  No.  106. 

Biotitc-granite,  Turner,  Nos.  683,  686. 

Camptonitc,  Bascom,  No.  37. 

CAmptonite,  Washington,  No.  696. 

Dacite,  Iddings,  No.  848. 

Dacitc-porphyry,  Iddings,  No.  346. 

Diabase,  Barlow,  No.  32. 

Diabase,  Bascom,  No.  39. 

Diabase,  Irving,  No.  357. 

Diabase,  Lane,  No.  417. 

Diabase,  Washington,  No.  696. 

Diorite,  Clements  and  Smyth,  No.  106. 

Diorite,  Crosby,  No.  121. 

Diorite,  Iddings,  No.  847. 

Diorite,  Washington,  No.  694. 

Diorite-monzonitc,  Cross,  No.  128. 

Diorite-porphyry,  Lord,  No.  442. 

Diorit<.>,  porphyritic,  Washington,  No.  694. 

Eiwexite,  Washington,  No.  694. 

Gabbro,  Barlow,  No.  32. 

Gabbro,  Clements  and  Smyth,  No.  106. 

Gabbro,  Iddings.  No.  817. 

Gabbro,  Turner,  No.  635. 

Gabbn>.  Turner  and  Ransome,  No.  689. 

Gabbro,  WHHhington,  No.  694. 

Gabbro-diorite,  (^ross,  No.  128. 

Gabbro-diorite,  Lord,  No.  442. 

Gabbro-schist,  Hall,  No.  272. 

Gneiss,  Barlow,  No.  82. 

Gneias,Hall,No.272. 

Gneiss,  Turner,  No.  686. 

Granite,  Anderson,  No.  16. 

Granite,  Barlow,  No.  82. 

Granite,  Buckley,  No.  78. 

Granite,  Clements  and  Smyth,  No.  106. 

Granite,  Eldridge  and  Muldiow,  No.  172. 

Granite,  Lord,  No.  442. 

Granite,  Kemp,  No.  871. 

Granite,  Weed,  No.  704. 

Granite  breccia.  Stone,  No.  614. 

Granite-gneiss,  Westgate,  No.  717. 

Granite,  porphyritic.  Crosby,  No.  121. 

Granite,  porphyritic.  Fuller,  No.  196. 

Granodiorite,  Turner,  No.  688. 

Homblende-andeaite-porph]rry,  Iddings,  No. 
846. 

Hornblende-granite,  Ransome,  No.  640. 

Homblende-mica-andesite,  Lord,  No.  442. 

Hornblende -mica -andesite -porphyry,     Id- 
dings, No.  345. 

Homblende-psrroxene-andesite-porpuyry,  Id- 
dings, No.  846. 


188 


BIBLIOOBAFHY   AND   INDEX   OP   N.   A.   QEOIiOOY,       [bull-ITI 


Petrology— Continued. 
JAA  qfrocka  descHboi— Continued. 

Hornblende-syenite,  Ranaome,  No.  540. 
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